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PREFACE. 


Tae Elements of Surveying, first published in 1830, was 
designed as a text-book for the pupils of the Military 
Academy, and in its preparation little regard was had to 
the supposed wants of other institutions. 

The work, however, was received by the public with more 
favor than was anticipated, and soon became a leading text- 
book in the Colleges, the Academies, and the higher grade 
of Schools. 

For the purpose of adapting it more fully to the supposed 
wants of these institutions, many changes have been made 
since its first publication; and the present edition will be 
found to differ, in many respects, from those which have pre- 
ceded. 

It has been the intention to begin with the very elements 
of the subject, and to combine those elements in the sim- 
plest manner, so as to render the higher branches of Plane 
Surveying comparatively easy. All the instruments needed 
for plotting have been carefully described; and the uses of 
those required for the measurement of angles are fully ex- 
plained. 

The conventional signs adopted by the Topographical 
Bureau, which are now used by the United States Engi- 
neers in all their Charts and Maps, are given in plates 
5 and 6. 

Should these signs be generally adopted in the country, 


it would give entire uniformity to all maps and delineations 
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of ground, and would establish a common language by 
which all the peculiarities of soil and surface could be 
accurately represented. 

A full account is also given of the system adopted in the 
survey of the public lands; and, although the method is 
simple, it has, nevertheless, been productive of great results, | 
by defining, with mathematical precision, the boundaries of 
lands in the new States, and thus settling their titles on an 
indisputable basis. 

This method was originated by Col. Jared Mansfield, 
whose great acquirements in science introduced him to the 
notice of President Jefferson, by whom he was appointed 
Surveyor-general of the Northwestern Territory, in the early 
part of the present century. 

Among the changes which have been made in the present 
edition, and which must be very acceptable to Practical 
Surveyors, are the methods of laying down Railroad Curves, 
Section Levelling for Excavation and Embankment, and 
the article on Mining Engineering. For the first of these, 
[ am mainly indebted to Professor Plympton, of the 
Brooklyn Polytechnic Institute, who has happily combined 
science and art, both in his methods of teaching and in his 
practical operations in the field; and for the latter, to Pro- 
fessor Peck, of Columbia College, to whom education and 
science are indebted for much valuable labor. 


FIsHKILL-ON-Huvpson, June, 1870. 
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LOGARITHUMS AND TRIGONOMETRY. 


SECTION I. 
LOGARITHMS. 


1. Tue Logarirum of a number is the exponent of the 
power to which it is necessary to raise a fixed number, to 
produce the given number. 

The fixed number is called the base of the system. Any 
positive number, except 1, may be taken as the base of a 
| system. In the common system, the base is 10. 


2. If we denote any positive number by m, and the 
corresponding exponent of 10 by p, we shall have the 


exponential equation, 
5 AU ot tal (18M iets renal Sy eae bog Mal 


In this equation, py is, by definition, the logarithm of n, 
which may be expressed thus, 
it MOE Use Sedat 2 Jp) s oe Wires) 
8. From the definition of a logarithm, it follows that, the 
logarithm of any power of 10 is equal to the exponent of 
that power: hence, the formula, 


dome (iO)? ex logino=ep. . . fs is 3.) 
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If a number is an exact power of 10, its logarithm is a 
whole number. 

If a number is not an exact power of 10, its logarithm will 
not be a whole number, but will be made up of an entire part 
plus a fractional part, which is generally expressed decimally. 
The entire part of a logarithm is called the characteristic ; the 
decimal part is called the mantissa. 


4. If, in Equation (3), we make p successively equal to 
0, 1, 2, 8, &c.; and then equal to —1, —2, —3, &&, we may 
form the following 


TABLE. 
log cee — et 
lope aa log 1 = —1 
log 2100 = = 2 log 0l = =2 
log 1000 = 3 log 001 = —38 
&e., &e. &e., &c. 


When a number lies between 1 and 10, its logarithm lies 
between 0 and 1; that is, it is equal to 0, plus a decimal; if a 
number lies between 10 and 100, its logarithm is equal to 1,. 
plus a decimal; if between 100 and 1000, its logarithm is equal 
to 2, plus a decimal; and so on: hence, we have the following 


RuLe.— The characteristic of the logarithm of any whole nuwm- 
ber is positive, and numerically 1 less than the number of places 
of figures in the given number. 


When a decimal fraction lies between .1 and 1, its logarithm 
lies between —1 and 0, that is, it is equal to —1, plus a deci- 
mal; if a number lies between .01 and .1, its logarithm is 
equal to —2, plus a decimal; if between .001 and .01, its 
logarithm is equal to — 3, plus a decimal; and so on: hence, 
the following 
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Ruie.—The characteristic of the logarithm of a decimal 
fraction is negative, and numerically 1 greater than the 
number of 0’s that immediately follow the decimal point. 


The characteristic alone is negative, the mantissa being 
always positive. This fact is indicated by writing the nega- 
tive sign over the characteristic: thus, 2.371465, is equivalent 
to —2 + .371465. 


Note—It is to be observed, that the characteristic of a 
mixed number is the same as that of its entire part. Thus, the 
mixed number 74.103 lies between 10 and 100; hence, its loga- 


rithm lies between 1 and 2, as does the logarithm of 74. 


GENERAL PRINCIPLES. 


5. Let m and m denote any two numbers, and p and gq 
their logarithms. We shall haye, from the definition of a loga- 
rithm, the following equations, 


10. si 710. open aed nat comecemmelae) 
We ee a ok ee ee 


Multiplying (4) and (5), member by member, we have, 
10? 49) ec: 

whence, by the definition, 

De ¢ = log (nis! ~.. 2. (63) 

That 1s, the logarithm of the product of two numbers is equal 

te the sum of the logarithms of the numbers. 


6. Dividing (4) by (5), member by member, we have, 


Oe ieee 
whence, by the definition, 


p—qg=tog("). Pers pe etinke Cie) 
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That is, the logarithm of a quotient is equal to the logarithm of 
the dividend diminished by that of the divisor. 


7. Raising both members of (4), to a power denoted by #¢, 


we have, 
10% = ms 


whence, by the definition, 
pt = log at. ss eee 


That is, the logarithm of any power of a number, ts equal to 
the logarithm of the number multiplied by the exponent of the 
power. 


8. Extracting the root, indicated by r, of both members of 


10" Sty ae 


whence, by the definition, 


z — log 4/m- e e eo e e (9.) 


That is, the logarithm of any root of a number, ts equal to the 
logarithm of the number divided by the index of the root. 


(4), we have, 


The preceding principles enable us to abbreviate the opera- 
tions of multiplication and division of numbers, by the addition 
and subtraction of their logarithms. 


TABLE oF LOGARITHMS. 


9. A TasLE or LoGARITHMs, is a table by means of which 
we can find the logarithm corresponding to any number, or the 
number corresponding to any logarithm. 

In the table appended, the complete logarithm is given for 
all numbers from 1 up to 100. For other numbers, between 
100 and 10,000, the mantissas alone are given; the characteristic 
may be found by one of the rules of (Art. 4). 
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Before explaining the usesof the table, it is to be shown 
that the mantissa of the logarithm of any number is not 
changed by multiplying or dividing the number by any exact 
power of 10. ; 


Let m denote any number whatever, and 10? any power of 
10, p being any whole number, either positive or negative. 
Then, in accordance with the principles of (Arts. § and 8), we 
shall have, 

log (1X10?) = log n+ log 10? = p+ log n; 


but p is, by hypothesis, a whole number; hence, the decimal 
part of the log (” X 10?), is the same as that of log n; which 
was to be proved. 


Hence, in finding the mantissa of the logarithm of a num- 
ber, we may regard the number as a decimal, and move the 
decimal point to the right or left, at pleasure. Thus, the 
mantissa of the logarithm of 456357, is the same as that of 
the number 4563.57; and the mantissa of the logarithm of 
2.00357, is the same as that of 2003.57. 


EXAMPLES. 
log 3827 is 2.514548 
log 32.7 as 1.514548. 
log 3.27 y 0.514548 
log .827 és 1.514548 
log .0327 se 2.514548 


Usina THE TABLE. 
1°. To find, from the table, the logarithm of a number less than 100. 
10. Look on the first page, in the column headed “N,” 


for the given number; the number opposite is the logarithm 


required. Thus, 
log 67 = 1.826075. 


14 ELEMENTS OF SURVEYING. [BOOK I. 
2°. To find the logarithm of a number between 100 and 10,000. 


11. Find the characteristic by the first rule of (Art. 4). 


To find the mantissa, look in the column headed “N,” for 
the first three figures of the number; then pass along a hori- 
zontal line until you come to the column headed with the 
fourth figure of the number; at this place will be found four 
figures of the mantissa, to which, two other figures, taken 
from the column headed “0,” are to be prefixed. If the figures 
found stand opposite a row of six figures, in the column headed 
“0,” the first two of this row are the ones to be prefixed; if 
not, ascend the column till a row of six figures is found; the 
first two, of this row, are the ones to be prefixed. 

If, however, in passing back from the four figures, first 
found, any dots are passed, the two figures to be prefixed must 
be taken from the line immediately below. When the figures 
first found, fall at a place where dots occur, the dots must be 
replaced by 0’s, and the figures to be prefixed must be taken 
from the line below. Thus, 


Log 8979 = 3.953228 
Log 3098 = 3.491081 
Log 2188 = 3.340047 


3°. To find the logarithm of a number greater than 10,000. 


12. Find the characteristic by the first rule of (Art. 4). 


To find the mantissa, place a decimal point after the fourth 
figure (Art. 9), thus converting the number into a mixed num- 
ber. Find the mantissa of the entire part, by the method last 
given. Then take from the column headed “D,” the corre- 
sponding tabular difference, and multiply this by the decimal 
part and add the product to the mantissa just found. The 
result will be the required mantissa. 


SEC. I.] LOGARITHMS. 15 


It is to be observed that when the decimal part of the 
product just spoken of is equal to or exceeds .5, we add 1 to 
the entire part; otherwise the decimal part is rejected. 


EXAMPLE. 
To find the logarithm of 672887. 


The characteristic is 5. Placing a decimal point after the 
fourth figure, the number becomes 6728.87. The mantissa of 
the logarithm of 6728 is 827886, and the corresponding num- 
ber in the column “D,” is 65. Multiplying 65 by .87, we have 
56.55; or, since the decimal part exceeds .5, 57. We add 57 
to the mantissa already found, giving 827943, and we finally 


have 
f log 672887 = 5.827943. 


The numbers in the column “ D” are the differences between 
the logarithms of two consecutive whole numbers, and are 
found by subtracting the number under the heading “4” from 
that under the heading “5.” 

In the example last given, the mantissa of the logarithm of 
6728 is 827886, and that of 6729 is 827951, and their differ- 
ence is 65; 87 hundredths of this difference is 57%: hence, the 
mantissa of the logarithm of 6728.87, is found by adding 57 to 
§27886. The principle employed is, that the differences of 
numbers are proportional to the differences of their logarithms, 


when these differences are small. 


4°. To find the logarithm of a decimal. 


13. Find the characteristic by the second rule of (Art. 4). 


To find the mantissa, drop the decimal point, and thus 
consider the decimal a whole number. Find the mantissa of 
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the logarithm of this number, and it will be the mantissa 
required. Thus, 

log .0327 = 2.514548 

log 378.024 = 2.577520 


5°. To find the number corresponding to a given logarithm. 


14. The rule is the reverse of those just given. Look in the 
table for the mantissa of the given logarithm. If it cannot be 
found, take out the next less mantissa, and also the corre- 
sponding number, which set aside. Find the difference between 
the mantissa taken out and that of the given logarithm; an- 
nex as many 0’s as may be necessary, and divide this result by 
the corresponding number in the column “D.” Annex the 
quotient to the number set aside, and then point off, from the 
left hand, a number of places of figures equal to the character- 
istic plus 1: the result will be the number required. 

If the characteristic is negative, the result will be a pure 
decimal, and the number of 0’s which immediately follow the 


decimal point,will be one less than the number of units in the 
characteristic. 


EXAMPLES. 


1. Let it be required to find the number corresponding to 
the logarithm 5.233568. 


The next less mantissa in the table is 233504; the corree 
sponding number is 1712, and the tabular difference is 253. 


OPERATION. 
Given mantissa, . 2 . «5 “283568 
Next less mantissa,. . . . 233504... 1719 


253 ) 6400000 ( 25296 
.. The required numbor is 171225.296. 
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2. What is 
9.233568 ? 

oaeeVnat Is 
2.785407 2 


4, What is 
1.846741 ? 


the number corresponding 
the number corresponding 


the number corresponding 


17 


to the logarithm 
Ans. 0171225. 
to the logarithm 
Ans, .06101084. 
to the logarithm 
Ans. .702653. 


MULTIPLICATION BY LOGARITHMS. 


15. From the principle proved in (Art. 5), we deduce the | 


following 


Rute.— Find the logarithms of the factors, and take their sum ; 
then find the number corresponding to the ay logarithm, 


and tt will be the product required. 


EXAMPLES. 
1. Multiply 23.14 by 5.062. 


OPERATION. 


log 23.14 1.364363 
log 5.062 0.704322 
2.068685 


2. Find the continued product of 3.902, 


0.0314728. 
OPERATION. 
log 3.902 0.591287 
log 597.16 2.776091 
log 0.0314728 2.497936 
1.865314 .° 


.*. 117.1847, product. 


597.16, and 


. 73.3354, product. 


Here, the 2 cancels the + 2, and the 1 carried from the 


decimal part is set down. 
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3. Find the continued product of 3.586, 2.1046, 0.8372, 
and 0.0294. Ans. 0.1857615. 


Division BY LoGARITHMS. 


16. From the principle proved in (Art. 6), we have the 
following 
Rurz.—Find the logarithms of the dividend and divisor, and 
subtract the latter from the former; then find the number 
corresponding to the resulting logarithm, and it will be the 
quotient required. 
EXAMPLES. 
1. Divide 24163 by 4567. 
OPERATION. 


log 24163 . . . 4.883151 
log 4567 . . . 3.659631 


0.723520 .*. 5.29078, quotient. 


2. Divide 0.7438 by 12.9476. 
OPERATION. 


log 0.7488 . . . 1.871456 
log-12.0476 . . s \DAI2189 


2.759267 .*. 0.057447, quotient. 


Here, 1 taken from 1, gives 2 for a result. The sub- 
traction, as in this case, is always to be performed in the 
algebraic sense. 

3. To divide 0.06314 by .007241. 


log 0.06314 . . . 2.800305 
log 0.007241 . . . 3.859799 


0.940506 .*. 8.7198, quotient. 
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Here, 1 carried from the decimal part to the 3, changes 
it to 2, which being taken from 2, leaves 0 for the char- 


acteristic. 


4. To divide 37.149 by 523.76. 


log 37.149 . . 1.569947 
log 523.76 . . . 2719133 


2.850814 .+. 0.0709274, quotient. 


5. Divide 0.7488 by 12.9476. 
Ans. 0.057447. 
The operation of division, particularly when combined with 


that of multiplication, can often be simplified by using the 


principle of 


ARITHMETICAL COMPLEMENT. 


17. The AriTHMETICAL COMPLEMENT of a logarithm is the 
remainder obtained by subtracting it from 10. Thus, 8.130456 
is the arithmetical complement of 1.869544. The arithmetical 
complement of a logarithm may be written out dy commencing 
at the left hand and subtracting each figure from 9, until the 
last significant figure is reached, which must be taken from 10. 
The arithmetical complement is denoted by the symbol 
(a. ¢.). 

Let a@ and 6 represent any two logarithms whatever, and 
a— 6 their difference. Since we may add 10 to, and sub- 


tract 1t from, a — 0b, without altering its value, we have, 
a—b=a+(10—6)—10 .. . (10) 

But, 10 — 6 is, by definition, the arithmetical complement 

of 6: hence, Equation (10) shows that the difference between 


two logarithms is equal to the first, plus the arithmetical com- 


plement of the second, minus 10. 


¢ 
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lente, to divide one number by another by means of the 
arithmetical complement, we have the following 


Rutz.—Find the logarithm of the dividend, and the arith- 
metical complement of the logarithm of the divisor, add them 
together, and diminish the sum by 10; the number corresponding 
to the resulting logarithm will be the quotient required. 


EXAMPLES. 


1. Divide 327.5 by 22.07. 


OPERATION. 


log 397.5 + . 5, gplpeld 
(a. c.) log 22.07 . . . 8.656198 


1.171409 .*. 14.839, quotient. 


2 Divide 0.7438 by 12.9476. 


log 0.7488 . . . 1871456 
(a. ¢.) log 12.9476 . . . 8.887811 


2.759267 .*. 0.057447, quotient. 


In this example, the sum of the characteristics is 8, from 
which, taking 10, the remainder is 2. 


3. Divide 37.149 by 523.76. 


log 87.149 . . . 1.569947 
(a.c.) log 523.76...) <p. 280864 


2.850814 .*. 0.0709273, quotient. 


4, Multiply 358884 by 5672, and divide the product by 
89721. 
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OPERATION. 

log 358884 . . . 5.554954 

los 5672 . . . 3.753736 

(a>c.) log -89721 2... 5.047106 
; 4.355796 .*. 22688, result, 


5. Find z in the proportion, 
oot6- 2—-7952-::. 5903 : @. 


OPERATION. 
(a.c.) log 8976 . . . 6.400554 
log 7952 . . . 3.900476 
log 59038 . . . 3.771073 
loge 2 wag FACS es ed 11806, 


The operation of subtracting 10 is always performed men- 
tally. : 

Nore 1.—in finding any term of a proportion by logarithms 
—observe that, 

1. The sum of the logarithms of the extremes, is equal to the 
sum of the logarithms of the means: 

2. The logarithm of the fourth term, ts equal to the arith- 
metical complement of the logarithm of the first term added to 
the logarithms of the mean terms: 

3. The logarithm of either mean term, is equal to the arith- 
metical complement of the logarithm of the other mean added te 


the logarithms of the extremes. 


Nore 2.—If any proportion, as 
GP Os Ot at, 
be changed into the form of an equation, thus, 
Cee 06; then 


(a. c.) log a + log b + log ¢ —10= log «; that is, 
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The arithmetical complement of the logarithm of the multiplier of 
the unknown factor, plus the logarithms of the two other factors, 
minus 10, ts equal to the logarithm of the unknown factor. 
Nore 3.—If the logarithm, whose arithmetical complement 
is taken, exceeds 10, subtract it from 20, and reject 20 in the 


final operation. 


Ratsinc To Powers By LOGARITHMS. 
18. To raise a number to any power. From the principle 
proved in (Art. 7), we have the following 
Rure—Find the logarithm of the number, and multiply it 
- by the exponent of the power ; then find the number correspond- 
ing to the resulting logarithm, and it will be the power required. 
EXAMPLES. 
1. Find the 5th power of 9. 
log 9 . . .- 0.954243 
5 


4.771215 .*. 59049, power. 


2. Find the Vth power of 8. Ans. 2097152. 


Extracting Roots spy LoGarirums. 


19. To find any root of a number, from the principle 
proved in (Art. 8), we have the following 

RuLE—Find the logarithm of the number, and divide it by 
the index of the root; then find the number corresponding to 
the resulting logarithm, and it will be the root required. 


EXAMPLE. 
1. Find the cube root of 4096. 
The logarithm of 4096 is 3.612360, and one-third of this is 
1.204120. The corresponding number is 16, which is the root 
sought. 
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SECTION II. 
GEOMETRICAL CONSTRUCTIONS. 


20. Before explaining the method of constructing geomet- 
rical problems, we shall describe some of the simpler instru- 
ments and their uses. Me 


DIVIDERS. 


21. The dividers is the most simple and useful of the 
instruments used for drawing. It consists of two legs ba, be, 


which may be easily turned around a joint at 0. 


One of the principal uses of this instrument is to lay off on 


a line, a distance equal to a given line. 
For example, to lay off on CD, a distance equal to AB. 


For this purpose, place the forefinger 
on the joint of the dividers, and set one | Radar 
foot at A: then extend, with the thumb g| al 3 
and other fingers, the other leg of the 
dividers, until its foot reaches the point &. Then raise the 
dividers, place one foot at C, and mark with the other the 


distance CH: this will evidently be equal to AB. 


RULER AND TRIANGLE. 


22. A Ruler of convenient size is about twenty inches in 
length, two inches wide, and a fifth of an inch in thickness. 
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It should be made of a hard material, perfectly straight and 
smooth. 

The hypothenuse of the right-angled triangle, which is used 
in connection with it, should be about ten inches in length, 
and it is most convenient to have one of the sides considerably 
longer than the other. 


We can solve, with the ruler and triangle, the two follow- 
ing problems. 


I. To draw through a given point a line which shall be parallel 


to a given line. 
23. Let C be the given point, and AB the given line. 


Place the hypothenuse of the triangle a 
against the edge of the ruler, and then ———-——W. 
place the ruler and triangle on the paper, 4 B 
so that one of the sides of the triangle 
shall coincide exactly with AB: the triangle being below 
the line. 

Then, placing the thumb and fingers of the left hand 
firmly on the ruler, slide the triangle, with the other hand, 
along the ruler, until the side which coincided with AB reaches 
the point C. Leaving the thumb of the left hand on the ruler, 
extend the fingers upon the triangle and hold it firmly, and 
with the right hand, mark with a pen or pencil, a line through 
C: this line will be parallel to AB. 
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I. To draw through a given point a line which shall be perpen- 


dicular to a given line. 


24. Let AB be the given line, and D the given point. 


Place the hypothenuse of the triangle 
against the edge of the ruler, as before. 
Then place the ruler and triangle so that | anny Paneer 
one of the sides of the triangle shall coin- 
cide exactly with the line AB. Then slide the triangle sicne 
the ruler until the other side reaches the point D: then, draw 


through D, a right line, and it will be perpendicular to A B. 


SCALE OF EQUAL PARTS. 


I .258.4.5..6.7.8 97 
1 7 b 


25. A scale of equal parts is formed by dividing a line of 
a given length, into equal portions. 

If, for example, the line ad, of a given length, say one 
inch, be divided into any number of equal parts, as 10, the 
scale thus formed is called a scale of ten parts to the inch. 
The line ab, which is divided, is called the wnit of the scale. 
This unit is laid off several times on the left of the divided 
line, and the points marked 1, 2, 3, &c. | 

The unit of scales of equal parts is, in general, either an 
inch, or an exact part of an inch. If, for example, ad, the 
unit of the scale, were half an inch, the scale would be one of 
10 parts to half an inch, or of 20 parts to the inch. 

If it were required to take from the scale a line equal to 
two inches and six-tenths, place one foot of the dividers at 2, 
on the left, and extend the other to .6, which marks the sixth 
of the small divisions: the dividers will then embrace the 


required distance. 
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DIAGONAL SCALE OF EQUAL PARTS. 


26. This scale is thus constructed. Take ad for the unit 
of the scale, which may be one inch, 4, 4, or # of an inch, in 
length. On ad describe the square abcd. Divide the sides ad 
and de each into ten equal parts. Draw af, and the other nine 
parallels as in the figure. 

Produce ba, to the left, and lay off the unit of the scale 
any convenient number of times, and mark the points 1, 2, 3, 
&c. Then, divide the line ad into ten equal parts, and through 
the points of division draw parallels to ad, as in the figure. 

Now, the small divisions of the line ad are each one-tenth 
(.1) of ab; they are therefore .1 of ad, or .1 of ag or gh. 

If we consider the triangle adf, we see, that the base df is 
one-tenth of ad, the unit of the scale. Since the distance 
from a to the first horizontal line above ad is one-tenth of the 
distance ad, it follows that the distance measured on that line, 
between ad and af, is one-tenth of df: but since one-tenth of a 
tenth is a hundredth, it follows that this distance is one hun- 
dredth (.01) of the unit of the scale. A like distance, measured 
on the second line,is two hundredths (.02) of the unit of the 
scale; on the third, .03; on the fourth, .04, &c. 

If it were required to take, in the dividers, the unit of ‘the 
scale, and any number of tenths, place one foot of the dividers 
at 1, and extend the other to that figure between a and 6 
which designates the tenths.. If two or more units are required, 
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the dividers must be placed on a point of division farther to 


the. left. 
When units, tenths, and hundredths are required, place 


one foot of the dividers where the vertical line through the 
_ point which designates the units, intersects the line which 
designates the hundredths: then, extend the dividers to that 
line between ad and bc which designates the tenths: the dis- 


tance so embraced will be the one required. 
For example, to take off the distance 2.34, we place one 


foot of the dividers at 7, and extend the other to e: and tc 
take off the distance 2.58, we place one foot of the dividers 
at p and extend the other to gq. 

Nore 1.—If a line is so long that the whole of it cannot 
be taken from the scale, it must be divided, and the parts of 
it taken from the scale in succession. 

| Nore 2.—If a line be given upon the paper, its length 
can be found by taking it in the dividers and applying it to 


the scale. . 
SCALE OF CHORDS. 


: 
, 
1 
’ 
1 
t ! ' 
! ' Ui ! 
1 ' y ’ { 1 
yo sio 710 Glo 510 40 30 
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27. If, with any radius, as AC, we describe the quadrant 
CD, and then divide it into 9) equal parts, each part is called 
a degree. , 

If through C, and each point of division, a chord be drawn, 
and the lengths of these chords be accurately laid off on a 
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scale; such a scale is called a scale of chords. In the figure, 
the chords are drawn for every ten degrees. 

The scale of chords being once constructed, the radius of 
the citule from which the chords were obtained, is known; 
for, the chord marked 60, is always equal to the radius of 
the circle. A scale of chords is generally laid down on the 
scales which belong to cases of mathematical instruments, and 

is marked cHo. 
Ill. To lay off, at a given point of a line, with the scale of chords, 
an angle equal to a given angle. 

28. Let AB be the line, and A the given point. 

Take from the scale the chord of 60 Oo 
degrees, and with this radius and the point nin \ 
A as a centre, describe the are BC. Then \ 
take, from the scale, the chord of the given 4 2 
angle, say 30 degrees, and with this distance as a radius, and B 


as a centre, describe an arc cutting BC in C. Through A and 
C, draw the line AC, and BAC will be the required angle. 


SEMICIRCULAR PROTRACTOR. 


29. This instrument is used to lay down, or protract 
angles. It may also be used to measure angles included be- 
tween lines, already drawn upon paper. 


SEO. II. ] GEOMETRICAL CONSTRUCTIONS. 29 


It consists of a brass semicircle, ABO, divided to half de- 
grees. The degrees are numbered from 0 to 180, both ways; 
that is, from A to B and from B to A. The divisions, in the 
figare, are made only to degrees. There is a small notch at 
the middle of the diameter AB, which indicates the centre of 
the protractor. 


IV. To lay off an angle with a Protractor. 


30. Place the diameter 4B on the line, so that the centre 
shall fall on the angular point. Then count the degrees con- 
tained in the given angle, from A toward B, or from B toward 
A, and mark the extremity of the arc with a pin. Remove 
the protractor, and draw a line through the point so marked, 
and the angular point: this line will make with the given line 


the required angle. 


SECTORAL SCALE OF EQUAL PARTS. 


31. The sector is an instrument generally made of ivory or 
trass. It consists of two arms, or sides, which open, by turning 
round a joint, at their common extremity. 

There are several scales Jaid down on the sector: those, now- 
ever, which are chiefly used in drawing lines and angles, are, 
the scale of chords already described, and the scale of equal 
parts now to be explained. 

On each arm of the sector, there is a diagonal line that 
passes through the point about which the arms turn: these 


diagonal lines are divided into equal parts. 
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On the sectors which belong to the cases of ees instru- 
ments, the diagonal lines are designated by the letter Z, and 
numbered from the centre of the sector, 1, 2, 3, 4, 5, 6, 7, 8, 
9,10, to the two extremities. On the sectors which belong ‘o 
cases of French instruments, they are designated, “Les parties 
égales,” and numbered 10, 20, 30, 40, &., to 200. On the Eng- 
lish sectors there are 20 equal divisions between any two of 
the lines numbered 1, 2, 3, &c., so that there are 200 equal 
parts on the scale. 

The advantage of the sectoral scale of equal parts, is this: 

Let it be proposed to draw a line upon paper, on such a 
scale that any number of parts of the line, 40 for example, shall 
be represented by one inch on the paper, or by any part of an 
inch. Take the inch, or part of the inch, from the scale of inches, 
on the sector; then, placing one foot of the dividers at 40, on 
one arm of the sector, open the sector until the other foot 
reaches to the corresponding number on the other arm: then, 
lay the sector on the table without varying the angle. 

Now, if we regard the lines on the sector as the two sides of 
a triangle, of which the line 40, measured across, is the base, it 
is plain, that if any other line be likewise measured across the 
angle of the sector, the bases of the triangles, so formed, will be 
proportional to their sides. Therefore, if we extend the dividers 
from 50 to 50, this distance will represent a line of 50, to the 
given scale: and similarly for other lines. 


V. Required to lay down a line of sixty-seven feet, to a scale of 
twenty feet to the inch. 


Take one inch from the scale of inches: then place one foot 
of the dividers at the twentieth division, and open the sector 
until the dividers will just reach the twentieth division on the 
other arm: the sector is then set to the proper angle; after 
which the required distance to be laid down on the paper is 
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found by extending the dividers from the sixty-seyenth division 
on one arm, to the sixty-seventh division on the other. 


GUNTER’S SCALE. 


32. This is a scale of two feet in length, on the faces of 
which several scales are marked. The face on which the divi- 
sions of inches are made, contains, however, all the scales neces- 
sary for laying down lines and angles. These are, the scale of 
equal parts, the diagonal scale of equal parts, and the scale of 
chords, all of which have been described. 


SOLUTION OF PROBLEMS, 


I. At a given point, in a given straight line, to erect a perpendicular 
to the line. 


33. Let A be the given point, and LC the given line. 


From A, lay off any two distances, 4B 
and AC, equal to each other. Then, from 
the points B and C, as centres, with a 
radius greater than 6A, describe two arcs ii 
intersecting each other at D: draw AD, and 
it will be the perpendicular required. | 


wD, 


TI. From a given point, without a straight line, to let fall a perpen 
dicular on the line. 


$4. Let A be the given point, and BD the given line. 


From the point A, as a centre, with a A 
radius sufficiently great, describe an arc 
cutting the line BD in the two points B \ C 
and D: then, mark a point /, equally dis- 
tant from the points B and D, and draw E 
AH; AH will be the perpendicular required. 
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III. At a point, in a given line, to make an angle equal to a 
given angle. 


35. Let A be the given point, A# the given line, and JA L 
the given angle. 

From the vertex , as a centre, with I sP 
any radius, describe the arc JL, termi- WA < \ 
nating in the two sides of the angle. 4 lA E 
From the point A, as a centre, with a distance AZ, equal to 
KT, describe the are HD; then take the chord LJ, with which, 
from the point # as a centre, describe an arc cutting the 


indefinite arc DH, in D; draw AD, and the angle HAD will 
be equal to the given angle X. 


IV. To divide a given angle, or a given arc, into two equal parts. 


36. Let ACB be the given angle, and AZ#B the arc which 
measures it. 


From the points A and B as centres, A “ : B 
describe, with the same radius, two arcs 
cutting each other in D: through D and Ne 
the centre C draw CD: the angle ACH 


will be equal to the angle HCB, and the are AH to the 
are EB. 


V. Through a given point, to draw a parallel to a given line. 


37. Let A be the given point, and BC the given line. 

From A as a centre, with a radius 
ereater than the shortest distance from 
A to BC, describe the indefinite are 
ED. Then, from the point # as a 
centre, with the same radius, describe the arc 4/7’; make HD 
= AF, and draw AD: thon will AD be the parallel required. 


oo 
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VI. Two angles of a triangle being given, to find the third. 


38. Draw the indefinite line DEF. CO H 
“At the point #, make the angle DHC ; ; 
equal to one of the given angles, and 
the angle CHH equal to the other: 2 x 7 


the remaining angle H#F will be the third angle required. 


Vil. To represent, on paper, a line of a given length, so that any num- 


ber of its parts shall correspond to the unit of the scale. 


29. Suppose that the given line were 75 feet in length, 
and it were required to draw it on paper, on a scale of 25 
feet to the inch. 

_ The length of the line, 75 feet, being divided by 25, will 
give 3, the number of inches which will represent the line on 
paper. 

Therefore, draw the indefinite line AZ, on which lay off 


It 
from C, a distance AC equal to 3 inches: AC will represent 


the given line of 75 feet, drawn to the required scale. 


NotE—This problem explains the manner of representing 
a line upon paper, so that a given number of its parts shall 
correspond to the unit of the scale, whether that unit be an 
inch or any part of an inch. 

When the length of the line to be laid down is given, and 
it has been determined how many parts of it are to be repre- 
sented on the paper by a distance equal to the unit of the 
scale, we find the length which is to be taken from the scale 
by the following 


RuLte—Divide the length of the line by the number of parts 
which is to be represented by the wnit of the scale: the quotient 
will show the number of units which is to be taken from the scale. 
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EXAMPLES. 


1. If a line of 640 feet is to be laid down on paper, on a 
scale of 40 feet to the inch; what length must be taken from 
the scale ? 40) 640 (16 inches. 


2. If a line of 357 feet is to be laid down on a scale of 
68 feet to the unit of the scale (which we will suppose half an 
inch), how many parts are to be taken? 


een ays parts, or 


2.625 inches. 
3. A line of 384 feet is drawn on paper, on a scale of 45 
feet to the inch; what is its length on the paper? 


Ans. 8.53 inches. 


Norr.—When the length of a line on the paper is given, 
and it is required to find the true length of the line which it 
represents, take the line in the dividers and apply it to the 
scale, and note the number of units, and parts of a unit, to 
which it is equal. Then multiply this number by the number 
of parts which the unit of the scale represents, and the product 
will be the length of the line. 


.For example, suppose the length of a line drawn on the 
paper was found to be 3.55 inches, the scale being 40 feet to 
the inch: then, 


3.09 X 40 = 142 feet, the length of the line. 


Vill. Having given two sides and the included angle of a triangle, 


to describe the triangle. 


40. Let the line B= 150 feet, and C = 120 feet, be the 
given sides; and A = 30 degrees, the given angle: to deseribe 
the triangle on a scale of 200 feet to the inch. 


Draw the indefinite line DG, and at the point D, make the 
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angle GDH equal to 30 degrees: then 


B ’ 
lay-off DG equal to 150 feet, equal to opera 
fT 


three-quarters of an inch, and DH a 
equal to 120 feet, equal to six-tenths of ; ‘a : 
an inch, and draw GH: then, DHG D PE, 


will be the required triangle. 


130 


IX. The three sides of a triangle being given, to describe the 
triangle. 


41. Let A, B and C be the sides. 


Make D£ equal to the side A. ie 
From the point D as a centre, with a ao y \ 
radius equal to the second side B, re as 
describe an arc: from # as a centre, f Searataee ay 
with a radius equal to the third side 


C, describe another arc, intersecting the former in /’; draw DF 
and #F, and DF'H will be the triangle required. 


X. Having given two sides of a triangle and an angle opposite one 
of them, to describe the triangle. 


42. Let A and B be the given sides, and C the given angle, 
which we will suppose to be oppcesite the side BD. 

Draw the indefinite line D/’: then, a a 
aprany pomt ot it, as), make’ the “j,i ee 


angle (DE equal to the angle C’: take A 
DE = A, and from the point J, as a 


D a 


centre, with a radius equal to the other 
given side, B, describe an arc, cutting DF’ in FY; draw HF: then 
wil! DHF be the required triangle. ites 

If the angle C is acute, and the p AG 


side B less than A, then the arc E 
described from the centre # with o 4 ph 
the radius HY = B will cut the 2 Ze GE 


side DF in two points, F and G, ae eel 
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lying on the same side of D: hence, there will be two triangles, 
DEF and DEG, either of which will satisfy all the conditions 
of the problem. 


XI. The adjacent sides of a parallelogram, with the angle which 
they contain, being given, to describe the parallelogram. 


43. Let A and B be the given sides, and C the given angle. 


Draw the line DH, and lay off DZ 
equal to 4; at the point D, make the 
angle LDL = C; take DF = B; de- 
scribe two arcs, the one from /, as 


a centre, with a radius PG = A, the 
other from #, as a centre, with a radius HG = BF ; through 
the point G, where these arcs intersect each other, draw /'G, 
HG: then, DHGF will be the parallelogram required. 


XII. To find the centre of a given circle, or arc. 


44. Take three points, A, B, C, anywhere in the circum- 
ference, or in the arc: draw AB, BC; 
bisect these two lines by the perpen- 
diculars, DZ, FG: the point O, where 
these perpendiculars meet, will be the 


centre sought. kp 
A similar construction serves for 
making a circumference pass through three given points, A, B, 0, 
and also for describing a circumference, about a given triangle. 
For, if we join the points by the straight lines AB, BO, 
and AQ, and. bisect either two of them, by perpendiculars, 
their point of intersecticn, 9, will be the centre of the required 
circle. 
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SECTION III. 
PLANE TRIGONOMETRY 


45. PLANE TRIGONOMETRY is that branch of Mathematics 
which treats of the solution of plane triangles. 


In every plane triangle there are six parts: three sides and 
three angles. When three of these parts are given, one being a 


side, the remaining parts may be found by computation. 


46. An angle is measured by the arc of a circle included 
between its sides, the centre of the circle being at the vertex, 


and its radius being equal to 1. 


47. If two lines be drawn through the centre of a circle, 
at right angles to each other, they will divide the circum- 
ference into four equal parts, each of which is called a 


quadrant. 


For convenience, the quadrant is divided into 90 equal parts, 
each of which is called a degree; each degree into 60 equal 
parts, called minutes; and each minute into 60 equal parts, 
called seconds. Degrees, minutes, and seconds, are denoted by 
the symbols °, ’, ”. Thus, the expression 7° 22’ 33” is read, 
% degrees, 22 minutes, and 33 seconds. 

A quadrant contains 324,000 seconds, and an arc of 7° 22’ 33” 
contains 26,553 seconds; and any arc of a quadrant may be 


expressed in seconds. 


48. The complement of an arc is what remains after sub- 
tracting the arc from 90°. Thus, the arc #B is the comple- 
ment of AB. 
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49. The supplement of an arc is what 
remains after subtracting the are from 
180°. Thus, @/’ is the supplement of 
the arc AEF. 


50. The sine of an arc is the per- 
pendicular let fall from one extremity of 
the arc on the diameter which passes 
through the other extremity. Thus, BD 
is the sine of the arc AB. 


51. The cosine of an arc is the part of the diameter inter- 
cepted between the foot of the sine and centre. Thus, OD is 
the cosine of the arc AB. 


52. The tangent of an arc is the line which touches it at 
one extremity, and limited by a line drawn through the other 
extremity and the centre of the circle. Thus, 4C is the tan- 
_ gent of the are AD. 


53. The secant of an arc is the line drawn from the centre 
of the circle through one extremity of the arc, and limited 
by the tangent passing through the other extremity. Thus, 
OC is the secant of the are AB. 


54. The four lines, BD, OD, AC, OC, depend for their 
values on the are AB and the radius OA; they are thus 
written : 

For BD, we write... . . sn AB 
PorvOD”™, ©) MOO Ie Va & eee 
Bor Ai ee Ao Es ee a ee 
For OC (18. 0.2 aes eee 


53. If ABE be a quadrant, or 90°, then HB will be the 
complement of AB. Let the lines #7 and ZB be drawn per- 
pendicular to OZ. Then, 
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ET, the tangent of HB, is called the cotangent of AB; 
IP, the sine of ZB, is the cosine of AB; 
OT, the secant of HB, is the cosecant of AB. 


In general, if A is any arc or angle, we have, 
cos A sin (90° — A) 
cot A = tan (90° — A) 
cosec A = sec (90° — A) 


I 


56. If we take an arc, ABEF, 
greater than 90°, its sine will be /'H; 
OH will be its cosine; AQ its tangent, 
and OQ its secant. But AH is the 
sine of the arc GF, which is the sup- 
plement of AF, and OZ is its cosine; 


hence, the sine of an arc is equal to 


the sine of its supplement; and the Q 
cosine of an are ts equal to the cosine of tts supplement.* 

Furthermore, AQ is the tangent of the arc AF, and OQ is 
its secant: GZ is the tangent, and OL the secant of the sup- 
plemental arc GF. But since AQ is equal to GL, and OQ to 
OL, it follows that, the tangent of an are is equal to the tangent 
of its supplement ; and the secant of an arc ts equal to the secant 
of its supplement.* 


TABLE OF NATURAL SINES. 


57. A NaturaL SINE, CosInz, TANGENT, or COTANGENT, 
is the sine, cosine, tangent, or cotangent of an are whose 
radius is 1. 

A TABLE oF NATURAL SINES is, therefore, a table showing 
the values of the sines, cosines, tangents, and cotangents of all 


* These relations are between the numerical values of the trigonometrical lines; the 
algebraic signs, which they haye in the different quadrants, are not considered. 
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the ares of a quadrant, divided either to minutes or seconds. . 


The Table of Natural Sines, beginning at page 63, of the tables, 
shows the values of the sines and cosines only. 


TaBLE oF LoGaRITHMIC SINES. 


58. In this table are arranged the logarithms of the nu- 
merical values of the sines, cosines, tangents, and cotangents 
of all the arcs of a quadrant, calculated to a radius of 
10,000,000,000. The logarithm of this radius is 10. In the 
first and last horizontal lines of each page, are written the 
degrees whose sines, cosines, &c., are expressed on the page. The 
vertical columns on the left and right are columns of minutes. 


To find, in the table, the logarithmic sine, cosine, tangent, or 


cotangent of any given angle. 


59. If the angle is less than 45°, look for the degrees in 
the first horizontal line of the different pages: when the degrees 
are found, descend along the column of minutes, on the left 
of the page, till you reach the number showing the minutes: 
then pass along a horizontal line till you come into the column 
designated, sine, cosine, tangent, or cotangent, as the case may 
be: the number so indicated is the logarithm sought. Thus, 
on page 37, for 19° 55’, we find, 


Sine 10° G54. ee. wc, oe. weave ke sane 
cos: 19° Saas tess See Me oe Tone 
tans 19° 55! eee aw oa ee en: 
COU" 19? BD" ee te ene Gee en eee es 


If the angle is greater than 45°, search for the degrees along 
the bottom line of the different pages: when the number is 
found, ascend along the column of minutes on the right-hand 
side of the page, till you reach the number expressing the 
minutes: then pass along a horizontal line into the column 
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designated tang, cot, sine, or cosine, as the case may be: the 
number so pointed out is the logarithm required. 


60. The column designated sine, at the top of the page, is 
_flesignated by cosine at the bottom: the one designated tang, 
by cotang, and the one designated cotang, by tang. 

The angle found by taking the degrees at the top of the 
page, and the minutes from the left-hand vertical column, is 
the complement of the angle found by taking the degrees at 
the bottom of the page, and the minutes from the right-hand 
column on the same horizontal line with the first. Therefore, 
sine, at the top of the page, should correspond with cosine, at 
the bottom; cosine with sine, tang with cotang, and cotang 
with tang, as in the tables. 

If the angle is greater than 90°, we have only to subtract 
it from 180°, and take the sine, cosine, tangent, or cotangent 


of the remainder, or supplement. 


Column of Differences. 


61. The column of the table next to the column of sines, 
and on the right of it, is designated by the letter D. This 


column is calculated in the following manner: 


Opening the table at any page, as 42, the sine of 24° is 
found to be 9.609313; that of 24° 1’, 9.609597: their difference 
is 284; this being divided by 60, the number .of seconds in a 
minute, gives 4.73, which is entered in the column D. 

Now, supposing the increase of the logarithmic sine to be 
proportional to the increase of the arc, and it is nearly so 
for 60”, it follows, that 4.73 is the increase of the sine for 1”. 
Similarly, if the arc were 24° 20’, the increase of the sine for 
1” would be 4.65. 

The same remarks are applicable in respect of the column 
D, after the column cosine, and of the column JD, between the 
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tangents and cotangents. The column D, between the columns 
. tangents and cotangents, answers to both of these columns. 

Now, if it were required to find the logarithmic sine of an 
arc expressed in degrees, minutes, and seconds, we have only to 
{ind the degrees and minutes as before; then, multiply the cor- 
responding tabular difference by the seconds, and add the product 
to the number first found, for the sine of the given are. 

Thus, if we wish the sine of 40° 26’ 28”. 


The sime 400 26" 173: Ab Rie See laoee 
Tabular difference 2.47 
Number of seconds 28 

Product . . 69.16 to be added, 69.16 


Gives for the sine of 40° 26’ 28”, 9.812021. 


The decimal figures at the right are generally omitted in 
the last result; but when they exceed five-tenths, the figure 
on the left of the decimal point is increased by 1; the loga- 
rithm obtained is then exact, to within less than one unit of 
its right-hand place. . 

The tangent of an arc, in which there are seconds, is found 
in a manner entirely similar. In regard to the cosine and 
cotangent, it must be remembered, that they increase while the 
arcs decrease, and decrease as the arcs are increased; conse- 
quently, the proportional numbers found for the seconds, must 
be subtracted, not added. 


EXAMPLES. 
1. To find the cosine of 3° 40’ 40”. 
The cosine; of 8° 40" fu es 090710 
Tabular difference .13 
Number of seconds 40. . 
Productisia7 is 5.20 to be subtracted, 5.20 
Gives for the cosine of 3° 40' 40" . . 9.999105. 


Na 
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2. Find the tangent of 37° 28’ 31”. Ans. 9.884592. 
3. Find the cotangent of 87° 57’ 59”. Ans. 8.550356. 


To find the degrees, minutes, and seconds answering to any given 


logarithmic sign, cosine, tangent, or cotangent. 


62. Search in the table, in the proper column, and if the 
number is found exactly, the degrees will be shown either at 
the top or bottom of the page, and the minutes in the side 
column, either at the left, or right. 

But, if the number cannot be found in the table, take from 
the table the degrees and minutes answering to the nearest 
less logarithm, the logarithm itself, and also the corresponding 
tabular difference. Subtract the logarithm taken from the table 
from the given logarithm, annex two ciphers to the remainder, 
and then divide the remainder by the tabular difference: the 
quotient will be seconds, and is to be connected with the 
degrees and minutes before found: to be added for the sine 


and tangent, and subtracted for the cosine and cotangent. 


EXAMPLES. 


1. Find the arc answering to the sine 9.880054 
Sine 49° 20’, next less in the tahle 9.879963 


Tabular difference . . . . . 1.81) 91.00 (50". 


Hence, the are 49° 20’ 50” corresponds to the given 
sine 9.880054. 


2. Find the arc whose cotangent is  10.008688 
cot 44° 26’, next less in the table 10.008591 


Tabular difference . .. . . 4.21) 97.00 (23”. 


Hence, 44° 26’ — 23 = 44° 25’ 37" is the arc answering to 
the given cotangent, 10.008688. 
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3. Find the arc answering to tangent, 9.979110. 
Ans. 48° 37! 21". 


4, Find the arc answering to cosine, 9.944599. 
Ans. 28° 19’ 45", 
THEOREM I. 


The sides of a plane triangle are proportional to the sines of 
their opposite angles. 


63. Let ABC be a triangle; then will 
OB give A 8u.8in) As: SRR, 


For, with A as a centre, and AD equal to the less side BC, 
as a radius, describe the arc DZ: and C 


mio with Bas a centre and the equal radius 
‘ ' BO, describe the arc CZ, and draw DE 
. and CF’ perpendicular to AB: now DE 
. is the sine of the angle A, and CF is the sine of B, to the 
same radius AD or BC. But by similar triangles, . 


ADOT See Aaron AGED 


A Bio = 


But AD being equal to BC, we have 
BO Hein As Ci eee ere 
BO AG te oping A. Seas. 
By comparing the sides AB, AC, in a similar manner, we 
should find, 
AB. .°: A Ov y's Pein. seve 
THEOREM II. 


In any triangle, the swm of the two sides containing either 
angle, is to their difference, as the tangent of half the sum of 
the two other angles, to the tangent of half their difference. 


! 


‘ 
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64. Let ACB be a triangle: then will! 
AB+ AC: AB—AC:: tan $(C +B): tan 4(0—B). 
With A as a centre, and a radius 
4 (©, the less of the two given sides, 
let the semicireumference JFCE be! 
described, meeting AB in Land BA \, \! 
produced, in & Then, BH will be NS 
the sum of the sides, and £7 their 
difference. Draw CZ and AF 


Gooey “FG B 


Since CAF is an outward angle of the triangle ACD, it is 
equal to the sum of the inward angles C and B (Bk. I, Prop. 


XXY., Cor. 6). But the angle CZZ being at the circumference, om 
is half the angle CAZ at the centre (Bk. III, Prop. XVIL)y 
that is, half the sum of the angles @ and B, or equal to 


ACE b). 

The angle AYC = ACB, is also equal to ABC + BAP; 
therefore, BAF = ACB — ABC. 

But, (COP = 4(BAP) =4(ACB— ABC), or 4(C— B). 

With Z and C as centres, and the common radius IC, let 
the arcs CD and JG be described, and draw the lines CH and 
IH perpendicular to ZC. The perpendicular CH will pass 
through £, the extremity of the diameter ZZ, since the right 
angle JC must be inscribed in a semicircle. 

But CZ is the tangent of CIE = 4(C +B); and LI is 
the tangent of JOB = 4(C — B), to the common radius OF. 


But since the lines CH and JH are parallel, the triangles 
BCE and BHT are similar, and give the proportion, 


ioe: BL. ¢: Cie ork, or 


, by placing for BH and BI, CE and IH, their values, we have, 


AB+AC: AB—AC:: tan $(C + B): tan 4(C— B). 


—s 
Ae 


sc 
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THEOREM III. 


In any plane triangle, if a line is drawn from the vertical 
angle perpendicular to the base, dividing it into two segments: 
then, the whole base, or sum of the segments, is to the sum of 
the other two sides, as the difference of those sides, to the differ- 
ence of the segments. 


65. Let BAC be a triangle, and AD perpendicular to the 
base BC; then will 
BC : CA+AB :: CA—AB : CD— DB. 
For, 4B’ = BD” + AD (Bk. IV,, A 
Prop. XI.); and AC = DC’ + AD 


by subtraction, 


AC? = AB =. OD BD) B D Cc 


But, since the difference of the squares of two lines is 
equal to the rectangle contained by their sum and difference 
(Leg., Bk. IV., Prop. X.), we have, . 

AC’ — AB’ = (AC + AB). (AO — AB) 
and OD’ -- DB’ = (CD + DB). (CD — DB) 
therefore, (CD + DB) . (CD — DB) = (AC+ AB) .(AC— AB) 
hence, CD+ DB: AC+AB:: AC—AB : CD — DB. 


THEOREM IV. 


In any right-angled plane triangle, radius is to the tangent 
of either of the acute angles, as the side adjacent to the side 
opposite. 

66. Let CAB be the proposed triangle, and denote the radius 
by &: then will 

By > Aan O%, sy ANC sais 

For, with any radius as OD, describe 

the arc DH, and draw the tangent DG. c De ae 


a8: 


7 VS FS 


BEC. III. | PLANE TRIGONOMETRY. 47 


From the similar triangles CDG and CAB, we haye, 


CO DGS CAS ABE tence, 
SOE Mea. ee ee 
By describing an arc, with B as a centre, we could show in 
the same manner that, 
fee Ueta ds ces) LAE Ss AO, 


THEOREM V. 


In every right-angled plane triangle, radius ts to the cosine 
of either of the acute angles, as the hypothenuse to the side 


adjacent. 


67. Let ABC be a triangle, right-angled at B: then will 
ane eon A. o2 ie Cs AB. 


For, from the point A as a centre, C 
with any radius as AD, describe the arc . 
DF, which will measure the angle A; and A | 
draw D/ perpendicular to AB: then will A EF b 


AE be the cosine of A. 
The triangles ADE and ACB, being similar, we have, 
AP 2A, 12a AG 2 AB >. thats. 
Diinneio Ai Ae: AB. 


SOLUTION OF TRIANGLES. 


68. The relations between the sides and angles of plane 
triangles, demonstrated in these five theorems, are sufficient to 
solve all the cases of Plane Trigonometry. Of the six parts, 
which make up a plane triangle, three must be given, and at 
least one or these a side, before the others can be determined. 

If the three angles only are given, it is plain, that an in- 
definite number of similar triangles may be constructed, the 
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angles of which may be respectively equal to the angles that 
ure given, and therefore, the sides could not be determined. 

Assuming, with this restriction, any three parts of a triangle, 
az given, one of the four following cases, will always be pre- 
' pented. 

I. When two angles and a side are given. 

II. When two sides and an opposite angle are given. 
III. When two sides and the included angle are given. 
IV. When the three sides are given. 


CASE I. 
69. When two angles and a side are given. 


1. In a plane triangle, ABC, there are given the angle 
A = 58° 07’, the angle B = 22° 37’, and the side AB = c = 408 
yards; to final C, a and 0.* 


GEOMETRICALLY. 


Draw an indefinite straight line, AB, & 
and from the scale of equal parts lay off fe eS 
AB equal to 408. Then at A, lay offan 4 “B 
angle equal to 58° 07’, and at B an angle equal to 22° 3%’, and 
draw the lines AC and LC: then will ABC be the triangle. 
The angle C may be measured either with the protractor 
or the scale of chords, and will be equal to 99° 16’. The sides 


AC and BC may be measured by referring them to the scale of 
equal parts. We shall find 4C=158.9 and BC= 351 yards. 


TRIGONOMETRICALLY. 


Add the given angles together, and subtract their sum from 
180 degrees. The remaining parts of the triangle can then be 
found by Theorem I. 


—— 


* The sides lying opposite the angles A, B and @, are denoted by a, d and «. 
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Ho the angle Fie ies) a4 2A = 58% 07" 
mde the angles prey et, of 5 fa 3) 22°° 37" 


theirecumues, serene = Ce Zeal 


haken—if0tt eo. |. 5 Saree tA L BO. OO" 
Rares Ort Pio. o See eae nk 99° 16’, of which, 


as it -xceeds 90°, we use the supplement 80° 44’, 


To find BC = a. 


Frem Theorem I., we have, 
pes 3 gingA es 6 haere 
Applymg logarithms, we have, 


(a.-c.) log sin C (99° 16’). 2 2505520005705 
logrsin 4 °(58° Qe yee i 9028972 
loge (408)... . =. 2.610660 


log a B51,004 * 2548887 


In like manner, 
SUC. sae 2s 0 sD, 
Applying logarithms, we have, 
tac.) log sia C99 Te) WOO 05 
log gin B (22° 37) . . . . . 9.584968 
log ¢ (AU ee eet iy eau LOUOU 
log 0 LOS DUG te. aod aeee0daee 
Ans. C = 98° 16’, a = 351.024, and 6 = 158.976. 


Note—The logarithm of the fourth term of a proportion 
is obtained by adding the logarithm of the second term to that 
of the third, and subtracting from their sum the logarithm 
of the first term. But to subtract the first term is the same 
as to add its arithmetical complement and reject 10 from the 
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sum (Sec. I, Art. 17): hence, the arithmetical complement of 
the first term added to the logarithms of the second and third 
terms, minus ten, will give the logarithm of the fourth term. 
2. In a triangle ABC, there are given: A = 38° 25’, B= 
57° 42’, and c = 400: required the remaining parts. 
Ans. C= 83° 53’, a = 249.974, 6 = 340.04. 


CASE II. 


70. When two sides and an opposite angle are given. 


In a plane triangle, ABC, there are given AC = 6 = 216, 
CB = a= 117%, the angle A = 22° 37’, to find the other parts. 


GEOMETRICALLY. 

Draw an indefinite right line ABB’: Cc 
from any point, as A, draw AC, making ag : 
BAC = 22° 37, and make AO= 216. , oat avs 
With C as a centre, and a radius equal 
to 117, the other given side, describe the arc B’B; draw CB 
and CB'; then will either of the triangles AOB or ACB’, 
answer all the conditions of the question. 


Sno wace 


TRIGONOMETRICALLY. 
From Theorem I., we have, 
a@ 4° 0 22 -sin Ao 2 singe 
By applying logarithms, we have, 
(a.:0.) log @ (117) .* ys ane See Sas 
logs (216) ts sos 9.) Moy ~Saeg e O ae 
log sin A (22°. 37’) . . . . 9.584968 
log sin B, 45° 13’ 55”, or 184° 4605" . 9.851236 
The ambiguity in this, and similar examples, arises in 
consequence of the first proportion being true for either of the 
angles ABC, or AB'C which are supplements of each other, 
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and. therefore, have the same sine (Art. 56). So long as the 
two’ triangles ACB and ACB’ exist, the ambiguity will con- 
tinue. But if the side CB, opposite the given angle, is greater 
than AC, the are BB’ will cut the line ABB’, on the same 
side of the point A, in but one point, and then there will be 
only one triangle answering to the conditions. 

If the side CB is equal to the perpendicular Cd, the are BB’ 
will be tangent to ABS’, and in this case also, there will be 
but one triangle. When OB is less than the perpendicular Cd, 
the arc BB’ will not intersect the base ABB’, and in that case 
no triangle can be formed, or it will be impossible to fulfil the 
conditions of the problem. 

In the example under consideration, there are two solutions, 
the first corresponding to B’ = 45° 13’ 55”, and the second to 
ABC = 184° 46’ 05”. 

First case. 
eee Riese ae SF a see. 
cer ye al enye te” ERP eRL OOO © 


OO ite ae 1805 — 67" 5055" =" 112" 09" Oa”. 


Thus, in the triangle ACB’, 
sin B’ : Bt ates 2D ae 
and applying logarithms, 
(a.c.) log sin B’ (45° 18’ 55”) . . . . 0.148764 


fog mean COC (LI2° 09 08"). a 2 939.966700 
LOD A1G) 1. or Sate Aa!) a ieee i8d4s4 5d 


NOC eS SD | sie len we ee ta wekOO IS 


Q 


Second case, 
a tees iy ee ae Pe Bae 
ee a, ho i, a cee esa AO 1-05" 
One eto. coc ea 15° 28) 05" <2 82° B6"55" 
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Thus, in the triangle ACB, 
sn B : sn C2 db: & 
and applying logarithms, 
(a.c.) log sin B (134° 46’ 05”). . . 0.148764 


log sin C (22° 36’ 55"). . . 9.584943 
log 8 (216), Sece. ete Ine, QOBeeee 


log c T1I6098 2 6 Ge Oh, 2O6BLGL 


io} 


2. Given two sides of a triangle, 50 and 40 respectively, 
and the angle opposite the latter, equal to 32°: required the 
remaining parts of the triangle. 

Ans. If the angle opposite the side 50 is acute, it is equal 
to 41° 28’ 59”; the third angle is then equal to 106° 31’ 01”, 
and the third side to 72.368. If the angle opposite the side 
50 is obtuse, it is equal to 138° 31’ 01”, the third angle to 
9° 28’ 59”, and the remaining side to 12.436. 


CASE: III. 
71. When two sides and their included angle are given. 
Let ABC be a triangle; AB and BOC, A 
the given sides, and B the given angle. 5 


Since B is known, we can find the 
sum of the two other angles: for, B 


A + C= 180° — B, and 
4 (4 + 0) = 3 (180° — B), 
We next find half the difference of the angles A and CG, 
by Theorem II, viz., 
BC+ BA : BC—BA :: tan3}(A+C) : tan}(A— 0), 


in which we consider BC greater than BA, and-therefore A is 
greater than (’; since the greater angle must be opposite the 
greater side. 
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Having found half the difference of A and 0, by adding 
it to the half sum, (A +), we obtain the greater angle, 
and by subtracting it from half the sum, we obtain the less. 


That is, 
+(4 + C@) +4(4A —C) = A, and 


#(44+0)—-4(4-C)=C6. 

Having found the angles A and C, the third side AC may 

be found by the proportion, 
sn A.: sin Boi: a: b 
EXAMPLES. 

1. In the triangle ABC, let BC = 540, AB = 450, and the 

included angle B = 80°: required the remaining parts. 
GEOMETRICALLY. 

Draw an indefinite right line BC, and from any point, 
as B, lay off a distance DC = 540. At B make the angle 
CBA = 80°: draw BA, and make the distance BA = 450; 
draw AC’; then will ABC be the required triangle. 

TRIGONOMETRICALLY. 
BC+ BA = 540 + 450 = 990; and BC — BA = 540 — 450 = 90. 

A + G= 180° — B = 180° — 80° = 100°, and therefore, 

4 (A + C) = $ (100°) = 50°. 


To find + (A —C). 
By Theorem II., we have, 
BC+ BA : BC—BA :: tan}(44+C) : tan $(A-C), 
Applying logarithms, we have, 
(a. c.) log (BO + BA) (990) . . . 1.004365 


log (BC — BA) (90) . . . 1.954248 
log tan $(4 + C@) 50° . . . 10.076187 


log tan $(4 —C) 6° 11’ . . 9.034795 
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Hence, 50° + 6° 11’ = 56° 11’ = A; and 50° — cae by Bl 
AA eeae 


To find the third side AC. 
Bint Cfos sin Base Tes es 
Applying logarithms, we have, 
(a. c.) log sin_G (48° 49)... . .. 0.189672 


log jen) (80") "<1. ot. eeomoeL 
log ¢ (450). 2. 0. 2. 2). 2.658213 


log 6 640.082-22 Sc 2. 6 RB0GR36 


2. Given two sides of a plane triangle, 1686 and 960, and 
their included angle 128° 04’: required the other parts. 
Ans. Angles, 33° 34’ 39"; 18° 21' 21”; side 2400. 


CASE IY. 


72. Having given the three sides of a plane triangle to find 
the angles. 


Let fall a perpendicular from the angle opposite the greater 
side, dividing the given triangle into two right-angled triangles: 
_ then find the difference of the segments of the base by Theo- 
rem III. Half this difference being added to half the base, 
gives the greater segment; and, being subtracted from half 
the base, gives the less segment. Then, since the greater 
segment belongs to the right-angled triangle having the greater 
hypothenuse, we haye two sides and the’ right angle of each 
of two right-angled triangles, to find the acute angles. 


EXAMPLES. A 


1. The sides of a plane triangle 
being given; viz, BC = 40, AC = 34, 
and AB = 25: required the angles. B D af 


NA 
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GEOMETRICALLY. 
With the three given lines ag sides, construct a triangle 
as in Prob. IX. Then measure the angles of the triangle 
_either with the protractor or scale of chords. 


TRIGONOMETRICALLY. 


BC >=AC +AB, =: AC—AR:. CD =— BD. 


59.X 9 
That is, AO pags? - 9) 53 a =13.275. 
40 + 13.275 
Then, oe = 26.6375 = CD, 
40 — 13.275 
And, srr aks pel oy ee ah og A 


In the triangle DAC, to find the angle DAC. 
AC: DOCS: sin wD. 3 “sin DAC. 


Applying logarithms, we have, 


(avc.) lop AC (34). we. sw 8s | BAG85R1 
log DC (26.6375). . . . . . 1.425493 
low ci P00") aS =: 5. - 10000008 


log sin DAC 51° 34' 40" . . 9.894014 


In the triangle BAD, to find the angle BAD. 
Ai BD ae sin DD. +s sit AD, 
Applying logarithms, we have, 


(a. ¢) log AB (20) 4°. ots) 81602060 
log BD (18.3625)... . . . 1.125887 
log sin-D (90°). . . « «'. . 10.600000 


log sin BAD. 32° 1835" ~. « - 9.727947 


56 ELEMENTS OF SURVEYING. (BOOK I. 


Hence, 90° — DAC = 90° — 51° 34’ 40” = 38° 25’ 20" = CG, 
and, 90° — BAD = 90° — 32218’ 35” = 57° 41’ 25" = B, 
and, BAD + DAC = 51° 34’ 40” + 32° 18’ 35” = 
=a Bo Do dp! =-As 
2. In a triangle, of which the sides are 4, 5, and 6, what 


are the angles? 
Ans. ' 41° 24" 35"; 55° 46’ 16"; and 82° 49’ 09”. 


SOLUTION OF RIGHT-ANGLED TRIANGLES. 


73. The unknown parts of a right-angled triangle may be 
found by either of the four last cases; or, if two of the sides 
are given, by means of the property that the square of the 
hypothenuse is equal to the sum of the squares of the two other 
sides. Or, the parts may be found by Theorems IV. and V. 


EXAMPLES. 

1. In a right-angled triangle BAC, B 
there are given the hypothenuse BC= Sat | | 
250, and the base AC = 240: required £3 4 
the other parts. 


To find the angle B. 
By Theorem I., we have, 
G3) OP sin AA pies 
Applying logarithms, we have, 
(a.¢@.) log @ (250). . . 2 ON Fen GOeoee 


logsb::(240) 2, oo! wt ee et Ge aoe 
log sin A (90°) . . « « «+ % 10,000000 


logiéin'.B Y3° 44" 23". 23.4) OU MO DsparT 


But, C= 90° — B= 90° - 73° 40" 938" = 16° 15787”. 
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To find side AB. 
We have from Theorem IV., 
Teas Man Ces OA She. 
Applying logarithms, we have, 
(a. c.) log R eyes: a ot tes, 0.000000 


log tan C (16° 15' 37”) . . . 9.464889 
log b ams ne st OBOE. 


log ¢ TIONG ee ele SA OD 


2. In a right-angled triangle GAC, there are given, 
AC = 384, and B= 53° 08’; 
required the remaining parts. 


Ans. AB = 284.96; BO = 479.979; C= 36° 52, 


BO O Kert: 


PLANE SURVEYING. 


SECTION I. 
MEASUREMENT OF LINES AND ANGLES. 


1. SuRVEYING, in its most extensive signification, com- 
prises all the operations necessary for finding: 


1st. The area or contents of any portion of the surface 
of the earth; 


2d. The lengths and directions of the bounding lines; 
and, 


3d. For making, on paper, an accurate delineation, both 
of the surface and boundaries; which delineation is called a 
Map. or Plot. 


2. PLANE SURVEYING is that branch in which the curva- 
ture of the earth is neglected; as it may be when the survey 
is limited to small portions of the surface. 


3. GEODESIC SURVEYING is when the curvature of the 
earth is taken into account, as it must be in all extensive 
surveys. 


4. A HorizontaL PLANE, is a plane parallel to the water- 
level. If the plane passes through a point on the surface of | 
the earth, it is tangent to the surface, and also perpendicular 
to the radius passing through the point of contact. 
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5. A VERTICAL PLANE, isa plane perpendicular to a hori- 
zontal plane. 
6. A Horizovrar Lrne isa line parallel to the water-level, 


or parallel to a hovizontal plane. 


@. A VERTICAL LINE, is a line perpendicular to a hori- 
zontal plane. 


8.. OBLIQUE LINES, are those which are inclined to a hori- 
zontal plane. 

Thus, AB and DE are hori- 
zontal lines; BC and AD are 
vertical lines; and AC and BD 
are oblique lines. 


9. Tue HorizontaL DIsTANcE between two points, is the 
horizontal line intercepted between the two vertical lines 
passing through those points. Thus, DC or AB, is the hori- 
zontal distance between the two points A and C, or between 
the points B and D. 


10. A Horizontat ANGLE, is one, whose sides are hori- 
zontal: its plane is also horizontal. A horizontal angle is 
‘always equal to the angle included between two vertical planes 
passing through the angular point and the two objects which 


subtend the angle. 
11. A VeErticaL ANGLE, is one, the plane of whose sides 
is vertical. 


12. An ANGLE oF ELEVATION, is a vertical angle having 
one of its sides horizontal, and the inclined side above the 
horizontal side. ‘Thus, in the last figure, BAC is the angle 
of elevation’ from A to C. 


13. An ANGLE or Depression, is a vertical angle haying 
one of its sides horizontal, and the inclined side under the 
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horizontal side. ‘Thus, DCA is the angle of depression from 
C to A. 


14. An OxiiquE ANGLE, is one, the plane of whose sides 
is oblique to a horizontal plane. 


15. All lines, which can be the object of measurement, 
must belong to one of the classes aboye named, viz.: 
1st. Horizontal lines; 2d. Vertical lines; 3d. Oblique lines. 


16. All angles may also be divided into three classes, 
V1Z.: 

Ist. Horizontal angles; whose sides are horizontal. 

2d. Vertical angles; which include angles of elevation and 
angles of depression; and, 


3d. Oblique angles, or those included by oblique lines. 


MEASUREMENT OF LINES AND ANGLES. 


17. It has been shown (Bk. I., Art.-43), that at least one 
side and two of the other parts of a plane triangle must be 
given, or known, before the remaining parts can be found, by 
calculation. 

When, therefore, distances are to be found, by trigonometrical 
calculations, two preliminary steps are necessary: 

1st. To measure certain lines on the ground; and, 

2d. To measure the necessary angles. 


MEASUREMENT OF DISTANCES. 


18. Any tape, rod, or chain, divided into equal parts, may 
be used as a measure; and this is called the wnt of measure. 
The unit of measure may be a foot, a yard, a rod, or any other 
ascertained distance. 

The measure in general use, is a chain of four rods or 
sixty-six feet in length; it is called Gunter’s chain, from the 
name of the inventor. This chain is composed of 100 links. 
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Hyery tenth link, from either end, is marked by a small attached 
brass plate, which is notched, to designate its number from 
the end. The division of the chain, into 100 equal parts, is 
very conyenient, since the divisions, or links, are decimals of 
the whole chain, and in the calculations are treated as such. 


TABLE. 
1 chain = 4 rods = 66 feet = 792 inches = 100 links. 
1 link is equal to 7.92 inches. 
80 chains = 320 rods = 1 mile. 
40 chains = 4 mile. 
ee 


20 chains = ¢ mile. 


19. Besides the chain, there are needed for measuring, ten 
marking-pins, which should be of iron, each about ten inches 
in length and an eighth of an inch in thickness. These pins 
should be strung upon an iron ring, and this ring should be 
attached to a belt, to be passed over the right shoulder, sus- 
pending the pins at the left side. 


To measure a horizontal line. 


20. The point where the measurement is to begin is usually 
located by a.staff or stake temporarily placed for the purpose; 
or by some one of the many permanent marks by which the 
angles in a boundary are fixed. 

The other extremity of the line must be provided with a 
staff or flag which can be easily seen. 

The fore-chainman, with the pins, and one handle of the 
chain in his right, starts off on the line, drawing out the 
chain to its full length. Both chainmen now examine it care- 
fully, to see if there are any “kinks” at the junction of the 
links. Having adjusted the chain for use, the fore-chainman 
resumes his place, to be directed by the hind-chainman, so 


that the measurement shall be made exactly along the estab- 
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lished line. To facilitate this, and to insure the correct align- 
ment of the pin, at its proper distance, the chain and ons 
pin should be held firmly in the 
right hand, as represented in the 
figure. While the pin is being 
aligned, it should be held by the 
fore-chainman as far from the body 
as possible, so that the view of the 
flag be left unobstructed. To ac- 
complish this, and at the same time 
draw the chain to the proper degree 
of tension, the right arm should be 


braced against the inside of the 


right knee. 

The hind-chainman directs, by the simple orders “right” or 
“left,” according as the pin, held as described, is to be carried 
to the right or left to bring it into line with the flag. When 
the pin is truly in line, the chain at the 
same time being drawn straight, the order 
“down” is given, when the fore-chain- 
man bringing his left hand to bear on 
the top of the pin, forces it vertically 
into the ground, and resumes his course 
to the length of another chain. 


After one or two chains have been Doe 
measured, on any line, the fore-chainman Pils ed 
can, by glancing back to the station just = 
left, place the pin nearly in the right position: the exact 
aligning should be left, however, to the hind-chainman. 

When the distance is more than ten chains, the pins, when 
exhausted, should be returned to the fore-chainman—the dis- 
tance noted—and the chaining recommenced at the place of 
the tenth pin. 
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All distances should be measured horizontally: Hence, 
when the ground slopes, one end of the chain must be ele- 
vated. Each chainman should be provided with a small plumb- 
line, so that the elevated end of the chain may be held directly 

~eyer the proper point. 

When the raised end of the chain is only two, or even 
three feet above the ground, it will suffice, in many cases, to 

use a marking-pin, held lightly by the point, between the thumb 
and finger, instead of a plumb-line. When the chaining is on 
a steep inclination, other precautions should be observed. 


Suppose the chaining to be up Hill. The fore-chainman 
draws the chain out to its full length, as in any other case, 
and then returns to within such a distance of the hind- 
chainman, that when the chain is drawn out to that length 
horizontally, it shall not be too high to be held conyeniently. 

The hind-chainman holds his end of the chain carefully 

» over the point or station, by means of the plumb-line, while 


he directs the fore-chainman in the usual manner. 
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The point fixed in this manner, by the fore-chainman, must 
not be marked by a marking-pin, but by a small peg or nail. 
At the order, “Down,” the fore-chainman does not go forward 
in the usual manner, but waits until the hind-chainman comes 
up and takes the chain by the precise point held, the moment 
before, to the ground. 

This point is now held above the peg by the hind-chain- 
man, who uses the plumb, as before, and aligns the fore-chain- 
mar, who has taken hold of the chain a few links farther on, 
and is holding it to the ground. ‘These short distances are 


not recorded. 


In chaining down-hill, the method is essentially the same. 
The fore-chainman uses the plumb, and determines by it where 
the peg is to be placed. 


At the end of a course, the part of a chain is measured by 
drawing the chain only to the flag, where it is held by the fore- 
chainman, until the hind-chainman comes forward to the last 
pin, and counts the lnks. 


In measuring up the hill from 
A to C, or down the hill from 
C to A, we measure the horizontal 
distances a 6, ed, and f CG, and 


their sum is the horizontal dis- 


tance between A and 0, 


Two staves are often used with the chain, in the measure- 
ment of lines. Hash of these should be about six feet in 
Jength, and have a spike in the lower end to aid in holding 
it firmly, and a horizontal strip of iron to prevent the chain 


from slipping off: each staff is to be passed through the ring, 
at the end of the chain. 
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STANDARD. 


21. As the length of the chain may vary, from heat or 
cold, or become changed from other causes, it should be com- 
‘pared from time to time, with a standard, kept for the purpose. 

To facilitate this comparison, let two stakes be driven in 
the ground, distant from each other one chain, and let nails be 
driven in the heads of the stakes to mark the exact length of 
the standard. 

Marks made upon the coping of a wall will answer the 
same purpose. If it is found that any line has been measured 
with a chain, either too short or too long, the measured dis- 
tance may be corrected by the following proportion: 


As the length of the standard 
the length of the chain 
the measured distance 
the true distance. 


For the correction of areas we have this proportion: 


As the square of the length of the standard 
the square of the length of the chain, 
the area found 


the true area. 


MEASUREMENT OF ANGLES. 


22. We come next to the measurement of angles, and for 
this purpose, several instruments are used. The one, however, 
which affords the most accurate results, and which indeed can 
alone be relied on for nice or extended operations, is called a 
Theodolite. This instrument, only, will be described at present; 
others will be subsequently explained. 

5 ‘ 
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THE THEODOLITE. 


23. Pl. 1—The theodolite is an instrument used to measure 
horizontal and vertical angles. It is usually placed on a tripod 
ABO, which enters, by means of a screw, the lower horizontal 
plate DH, and becomes firmly attached to the body of the 
instrument. Through the horizontal plate DH, four small 
hollow cylinders are inserted, which receive four screws with 
milled heads, that work against a second horizontal plate, /'G. 
The upper side of the plate DH terminates in a curved sur- 
face, which encloses a ball, that is nearly a semi-sphere, with 
the plane of its base horizontal. This ball, which is hollow, 
is firmly connected with the smaller base of a hollow conic 
frustum, that passes through the curved part of the plate DZ, 
and screws firmly into the curved part of the second horizontal 
plate WG. 

A hollow conic spindle passes through the middle of the 
ball, and the hollow frustum with which it is connected. To 
this spindle, a third horizontal and circular plate AZ, called 
the limb of the instrument, is permanently attached. Within 
this spindle, and concentric with it, there is a second spindle, 
called the inner, or solid spindle. To this latter, is united 
a thin circular plate, called the vernier plate, which rests on 
the limb of the instrument, and supports the upper frame-work. 
The two spindles terminate at the base of the spherical ball, 
where a small screw enters the inner one, and presses a washer 
against the other, and the base of the ball. On the upper 
surface of the plate /G, rests a clamp which goes round the 
outer spindle, and which, being compressed by the clamp-screw 
Jy, is made fast to it. This clamp is thus connected with the 
‘plate #G. A small cylinder a, is fastened to the plate FG: 
through this cylinder a thumb-screw Z passes, and works into 
a small cylinder 0, connected with the clamp. The cylinders 
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6 and a, admit of a motion round their axes, so that the screw 
L muy work through them freely. 

Directly aboye the clamp, is the lower telescope MN. This 
telescope is connected with a hollow cylinder, which is worked 
freely round the outer spindle, by the thumb-screw P, having 
a pinion working into a concealed cog-wheel, that is perma- 
nently fastened to the limb of the instrument. By means of a 
clamp-screw Q, the telescope is made fast to the limb, when it 
will have a common motion with the limb and outer spindle. 

The circular edge of the limb is chamfered, and is generally 
made of silver, and on this circle the graduation for horizontal 
angles is made. In the instrument described, the circle is 
divided into degrees and half-degrees; the degrees are numbered 
from 0 to 360. 

On the circular edge of the vernier plate, is a small plate 
of silver, called a vernier; this plate is divided into 30 equal 
parts, and numbered from the line marked 0 to the left. Two 
levels, at right angles to each other, are attached to the vernier 
plate by small adjusting screws; one of the levels is seen in the 
figure. 

The yernier plate turns freely around with the inner spindle. 
It is made fast to the limb of the instrument by the clamp- 
screw S; after which the smaller motions are made by the 
tangent-screw 7. There is a compass on the vernier plate, that 
is concentric with it, the uses of which will be explained under 
the head, Compass. 

The frame-work which supports the horizontal axis of the 
yertical semicircle UV and the upper telescope, with its attached 
level, rests on the vernier plate, to which it is made fast by 
three adjusting screws, placed at the angular points of an 
equilateral triangle. The vertical semicircle UV, is called the 
vertical limb; its motions are governed by the thumb-screw Z, 
which has a pinion that works with the teeth of the vertical 


\ 


‘ 
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limb. On the face of the vertical limb, opposite the thumb- 
screw Z, tne limb is divided into degrees and _half-degrees: 
the degrees are numbered both ways from the line marked 0. 
There is a small plate resting against the graduated face of the 
yertical limb, called -the vernier; it is divided into 30 cqual 
parts, and the middle line is designated by 0. 

On the other face of the vertical limb, are two ranges of 
divisions,, commencing at the 0 point, and extending cach 
way 45°. The one shows the vertical distance of any object to 
which the upper telescope may be directed, above or below the 
place of the instrument, in 100th parts of the horizontal dis- 
tance: the other, the difference between the hypothenusal and 
base lines—the hypothenuse being supposed to be divided into 
one hundred equal parts: therefore, by mere inspection, we can 
ascertain the number of links, which must be subtracted from 
eyery chain of an oblique line, to reduce it to a true horizontal] 
distance. 

The supports of the upper telescope are called the wyes, 


and designated Y’s. ‘Two loops, turning on hinges, pass over 


the telescope, and are made fast by the pins ¢ and d; these 
loops confine the telescope in the Y’s. By withdrawing the 
pins, and turning the loops on their hinges, the telescope may 
be removed for the purpose of being reversed in position; and 
in both situations, the telescope can be revolved in the Y’s 
about its axis. 

In the telescopes attached to the theodolite, are two prin- 
cipal lenses, one at each end. The one at the end where the 
eye is placed, is called the eye-glass, the other the odvect-glass. 

In order that the axis of the telescope may be directed to 
an object with precision, two spider’s lines, or small hairs, are 
fixed at right angles to each other, and placed within the 
barrel of the telescope, and at the focus of the eye-glass. The 
vertical hair is moved by two small horizontal screws, one of 
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which, 7, is seen in the figure; and the horizontal hair, by two 
vertical screws, g and h. 


ADJUSTMENTS OF THE THEODOLITE. 


24. Before using the instrument, it must be adjusted; that 
is, the parts must be brought to their proper relative positions. 
There are four principal adjustments. 


FIRST ADJUSTMENT.—To fix the intersection of the spider's 
lines in the axis of the telescope, which is called the line of 


collimation. 


Having screwed the tripod to the instrument, extend the 
legs, and place them firmly. Then loosen the clamp-screw 8, 
of the vernier plate, and direct the telescope to a small, well- 
defined, and distant object. By means of a small pin 7, on the 
under side of the telescope, slide the eye-glass till the spidev’s 
lines are distinctly seen; then with the thumb-screw YY, which’ 
forces out and draws in the object-glass, adjust this glass to its 
proper focus, when the object, as well as the spider’s lines, will 
be distinctly seen: after which, by the tangent-screw 7’ and the 
thumb-screw Z, bring the intersection of the spider’s lines 
exactly upon a well-defined point of the object. 

Having done this, revolve the telescope in the Y’s half 
round, when the attached level mn will come to the upper side. 
See if, in this position, the horizontal hair appears above or 
below the point; and in either case, loosen one, and tighten 
the other, of the two screws that work the horizontal hair, 
till the horizontal hair has been carried over half the space 
between its last position and the observed point. Carry the 
telescope back to its place; direct again the intersection of the 
spider’s lines to the point, and repeat the operation till the 


horizontal hair neither ascends nor descends, while the telescope 
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is revolved. A similar process will arrange the vertical hair, 
and the line of collimation is then adjusted. 


SECOND ADJUStMENT.—7To make the axis of the attached level 
of the upper telescope, parallel to the line of collimation. 


Turn the vernier plate, till the telescope comes directly over 
two of the levelling screws, between the plates DH and FG. 
Turn these screws contrary ways, keeping them firm against 
the plate FG, till the bubble of the level mn stands at the 
middle of the tube. Then, open the loops, and reverse the 
telescope. If the bubble still stands in the middle of the tube, 
the axis of the tube is horizontal; but if not, it is inclined, the 
bubble being at the elevated end. In that case, by means of 
the small vertical screws m and m, at the ends of the level, 
raise the depressed end, or depress the elevated one, half the 
inclination; and then, with the levelling screws, bring the level 
into a horizontal position. Reverse the telescope in the Y’s, 
and make the same correction again; and so on, until the 
bubble stands in the middle of the tube, in both positions of 
the telescope: the axis of the level is then horizontal. Let the 
telescope be now revolved in the Y’s. If the bubble continue 
in the middle of the tube, the axis of the level is not only 
horizontal, but also parallel to the line of collimation. If, how- 
ever, the bubble recede from its centre, the axis of the level is 
inclined to the line of collimation, and must be made parallel 
to it by means of two small antagonistic screws (one of which 
is seen at p), which work horizontally. By loosening one of 
them, and tightening the other, the level is soon brought 
parallel to the line of collimation, and then, if the telescope 
be revolved in the Y’s, the bubble will continue in the middle 
of the tube. 

It is difficult to make the first part of this adjustment, 
while the axis of the level is considerably inclined to the line 
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of collimation; for, if the level were truly horizontal in one 
position of the telescope, when the telescope is reversed, the 
bubble would not stand in the middle of the tube, except in 
one position of the level. This suggests the necessity of making 
the first part of the adjustment with tolerable accuracy; then, 
haying made the second with care, let the first be re-examined, 
and proceed thus till the adjustment is completed. 


THIRD ADJUSIMENT.—TZo make the axes of the levels, on the 
limb, perpendicular to the axis of the instrument. 


This adjustment is effected, partly by the levelling screws, 
and partly by the thumb-screw Z ‘Turn the vernier plate, 
until the upper telescope comes directly over two of the 
levelling screws, then turn the screws contrary ways, till the 
upper telescope is horizontal; after which, turn the vernier 
plate 180°, and if the bubble of the level remains in the middle 
of the tube, one line of the limb is horizontal. But if the 
bubble recedes from the centre of the level, raise the lower, or 
depress the upper end, one-half, by the levelling screws, the 
other by the thumb-screw Z, till it is brought into a horizontal 
position. Turn the vernier plate again 180°, and if the level 
be not then horizontal, make it so, by dividing the error as 
before, and repeat the operation until the line of the limb is 
truly horizontal. Then turn the vernier plate 90°, and level 
as before. The limb ought now to be truly horizontal; but, 
lest the first horizontal line may have been changed, in ob- 
taining the second, it is well to bring the telescope and level, 
two or three times over the levelling screws, until an entire 
revolution can be made without displacing the bubble from 
the middle of the tube. As this can only take place when the 
level revolves around a vertical line, it follows that the lmb 
will then be horizontal, and the axis of the instrument vertical. 
Then, by means of the small screws at the ends of the levels, 


72 ELEMENTS OF SURVEYING. [BOUK I. 


bring the bubbles to the centres, and the axes of the levels 


will be perpendicular to the axis of the instrument. 


FourtH AbDJUSTMENT.—70 make the axis of the vertical limb 


perpendicular to the axis of the instrument. 


Bring the intersection of the spider’s lines of the upper 
telescope upon a plumb-line, or any well-defined vertical object, 
and move the telescope with the thumb-screw Z: if the inter- 
section of the spider’s lines continues on the vertical line, the 
axis is horizontal. 

Or, the adjustment may be effected thus: Direct the inter- 
section of the spider’s lines to a well-defined point that is 
considerably elevated: then turn the vertical limb, until the 
axis of the telescope rests on some other well-defined point, 
upon or near the ground: reverse the telescope, and turn the 
vernier plate 180°; then, if in elevating and depressing the tele- 
scope, the line of coilimation passes through the two points 
before noted, the axis is horizontal. If it be found, by either of 
the above methods, that the axis is not horizontal, it must 
be made so by the screws which fasten the frame-work to 
the vernier plate. 

There are two important lines of the theodolite, the positions 
of which are determined with great care by the maker, and 
fixed permanently. First, the axis of the instrument is placed 
exactly at right angles with the limb and yernier plate; and 
unless it have this position, the vernier plate will not revolve 
at right angles to the axis, as explained in the third adjust- 
ment. 

Secondly, the line of collimation of the upper telescope is 
fixed at right angles to the horizontal axis of the vertical limb. 
We can ascertain whether these last lines are truly at 1ight 
angles, by directing the intersection of the spider’s lines to a 
well-defined point; then removing the caps which confine the 
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horizontal axis in its supports, and reversing the axis: if the 
intersection of the spider’s lines can be made to cover exactly 
the same point, without moving the vernier plate, the line of 
collimation is at right angles to the axis. 

If the theodolite be so constructed that either of the Y’s 
admits of being moved laterally, so as to vary the angle between 
the horizontal axis and the line of collimation, these lines may 
be adjusted at right angles to each other, if they have not 
been so placed by the maker. 

The lower telescope, being used merely as a guard, requires 
no adjustment, although it is better to make the axis, about 
which its vertical motions are performed, horizontal, or per- 
pendicular to the axis of the instrament; and this is easily 
effected by means of the two small screws & and 7, which 
work into the slide A’, that is connected with the horizontal 
axis. 

Haying explained the methods of properly adjusting the 
theodolite, we will now explain the particular uses of its 


several parts in the measurement of angles. 


VERNIERS. 


25. Before explaining the vernier, as applied to the the- 
odolite, we shall discuss the general theory of verniers. 


A VERNIER is a contrivance for measuring smaller arcs than 
those into which the limb of an instrument is divided. 

It is a graduated scale, so arranged, as to cover an exact 
number of equal spaces on the primary scale or limb, to which 
it is applied. It is divided into a number of equal parts, 
greater by one than the number of equal spaces which it 
covers on the limb. 

» The yernier may be applied to any limb or scale of equal 
parts. [he modes of its application are extremely various ; 
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the principle, however, is the same in all, and may be illus 


trated by a simple diagram. 


& ) LO GIS AB IS TIS SI IO PS eS 10 
eles ON ae © Da PS FT es 


O LR, SON 2 bp 4 ES 9 40 


Let AB be any limd or scale of equal parts, one of which 
let us suppose equal to 0. Let CD be a vernier, equal in 
length, say to nine of these parts, and itself divided into ten 
equal spaces, each one of which is then equal to nine-tenths 
of 0. The difference between a space on the limb and a space 
on the vernier, is therefore equal to one-tenth of 0, or 7,0. 
This is the least space that can be measured by means of the 
vernier, and is called the least count; hence, 


The least count of a vernier ts equal to one of the equal 
divisions of the limb divided by the number of spaces on the 
vernier. 


READINGS. 


26. The true reading of an instrument, for any position of 
the vernier, expresses the distance from the point where the 
graduation on the limb begins, marked 0, to the 0 point of 
the vernier. In the diagram, that distance is expressed by 
nine units of the limb, or 9. 

If, now, the vernier be moved till the division 1 coincides 
with the division 10 of the limb, the 0 point will have ad- 
vanced along the limb a distance equal to #6, and the reading 
will become 9 + 50. If we again move the yernier till the 
division 2 coincides with the division 11 of the limb, the 
0 point will have advanced an additional distance, equal to 
vy 2, and the reading becomes 9 + 32,6; when 8 coincides with 
division 12, the reading will become 9 + -3,b, and so on, till 
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finally, when the point 10 coincides with 19 of the limb, the 
distance 9 will have been increased by 128, and will become 10, 
as it should, since, in that case, the 0 point will have been 
moyed a whole space, and will coincide with the division 10 
of the limb. Hence, the following rule for reading an instru- 


ment whick has a vernier: 


Read the limb in the direction of the graduation up to the 
division “ine next preceding the 0 point of the vernier; this ds 
called the reading on the limb. Look along the vernier till a 
line 1s found to coincide with a line of the limb: multiply the 
number of this first line by the least cownt of the vernier: this 
is the reading on the vernier: the sum of these two readings is 


the reading of the instrument. 


In the theodolite described, the limb is divided into half- 
degrees, and 30 spaces on the vernier cover 29 spaces on the 
limb. Hence, the least count of this instrument is s4 of a 
half-degree, or 1’. Fig. 2, Plate 1, exhibits the vernier of the 
horizontal limb, and Fig. 3, the vernier of the vertical limb. 


To MrasurE A HorizontaAL ANGLE WITH THE 'T'HEODOLITE. 


27. Place the axis of the instrument directly over the point 
at which the angle is to be measured. ‘This is effected by 
means of a plumb, suspended from the centre of the plate 
which forms the upper end of the tripod. 

Having made the limb truly level, place the 0 of the vernier 
at 0, or 360° of the limb, and fasten the clamp-screw S of the 
vernier plate. Then, facing ir the direction between the lines 
which subtend the angle to be measured, turn the limb with 
the outer spindle, until the telescope points to the object on the 
left, very nearly. Clamp the limb with the clamp-screw 4, and 
by means of the tangent-screws Z and Z, bring the intersection 
of the spider’s lines to coincide exactly with tae object. 
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Having Joosened the clamp-screw Q, of the lower telescope 
MN, direct it with the thumb-screw P to the same object at 
which the upper telescope is directed; then tighten the clamp- 
screw Q. This being done, loosen the clamp-screw S of the 
vernier plate, and direct the telescope to the other object: the 
arc passed over by the 0 point of the vernier, is the measure 


of the angle sought. 


The lower telescope having been made fast to the limb, will 
indicate any change of the position of the limb, should any 
have taken place; and, as the accuracy of the measurements 
depends on the fixedness of the limb, the lower telescope ought 
to be often examined, and, if its position has been altered, the 


limb must be brought back to its place by the tangent-screw L. 


Notre—lIt is not necessary to place the 0 point of the vernier 
at the 0 point of the lmb, previously to commencing the 
measurement of the angle, but convenient merely; for, what- 
ever be the position of this point on the limb, it is evident that 
the arc which it passes over is the true measure of the hori- 
zontal angle. If, therefore, its place be carefully noted for the 
first direction, and also for the second, the difference of these 
two readings will be the true angle, unless the 0 point of the 
vernier shall have passed the 0 point of the limb, in which 
case the greater reading must be subtracted from 360°, and the 
remainder added to the less. 


é 


MEASUREMENT OF VERTICAL ANGLES. 


28. We shall first explain the method of determining the 
index error. Having levelled the horizontal limb, direct the 
telescope to some distinctly marked object; as the top of a 
chimney, and read the instrument. Reverse the telescope in 
the Y’s, and turn the vernier plate 180°, and having directed 
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the telescope to the same object, again, read the instrument. 
If tlhe two readings are the same, the limb is adjusted; that is, 
the 0 of the limb coincides with the 0 of its vernier, when the 


‘axis of the telescope is parallel to the horizontal limb. 


When the reading, found with the eye end of the telescope 
nearest the vernier, is greater than that obtained in the reversed 
position, the true elevation of the object, which is equal to a 
mean of the readings, may be obtained by subtracting half the 
difference from the first reading. If the first reading is less 
than the second, the half difference must be added to the 
first. Hence, 


To jind the index error, take the reading of the limb when 
the telescope is directed to a fixed object, first with the eye end 
of the telescope nearest the vernier, and then with the telescope 
and vernier plate both reversed. Take half the difference of these 
readings, and affect it with a minus sign if the first is the 
greater, or a plus sign if the second is the greater; this is equal 


to the index error. 


Let the operation be repeated several times, using different 
objects, and a mean of the errors will be more correct than the 


result of a single observation. 


29. Having determined the index error, let the axis of the 
telescope be directed to any point either above or below the 
plane of the limb, and read the arc indicated by the 0 of the 
vernier. To the arc so read, apply the proper correction, if 
any, and the result will be the true angle of elevation or 
depression. 

The angle of elevation may be more correctly found by 
taking the elevation of the object, and repeating the observation 

* with the telescope and vernier plate reversed, and then taking 


a mean of the readings for the angle required. 
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MEASUREMENTS WITH THE TAPE OR CHAIN ONLY. 


30. It often happens that instruments for the measurement 
of angles cannot be easily obtained; we must then rely entirely 


on the tape or chain. 


We now propose to explain the best methods of determining 
distances, without the aid of instruments for the measurement 


of horizontal or vertical angles. 


I. To trace, on the ground, the direction of a right line, that shali 


be perpendicular at a given point, to a given right line. 


FIRST METHOD. 


31. Let BC be the given right line, and 4 the given point. 
Measure from A, on the line BC, two equal distances AB, AC, 
one on each side of the point A. Take a 
portion of the chain or tape, greater than 
AB, and place one extremity at B, and 


with the other, trace the arc of a circle on 
'B A CG 


the ground. Then remove the end which 
was at 5 to C, and trace a second are intersecting the former 
at D. The straight line, drawn through D and <A, will be per- 
pendicular to BC at A. 


SECOND METHOD. 


32. Having made AB = AC, take any portion of the tape 
or chain, considerably greater than the 
distance between B and C. Mark the 


middle point of it, and fasten its two 


extremities, the one’at B and the other 


at C. Then, taking the chain by the 
middle point, stretch it tightly on eithor side of BC, and place 
a staff at D or #: DAF will be the perpendicular required. 
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THIRD METHOD. 


33. Let AB be the given line, and C the point at which 
the perpendicular is to be drawn. From 
the point C, measure a distance C'A equal 
to 8. With C as a centre, and a radius 
equal to 6, describe an arc on either side 
of AB: then, with A as a centre, and a 


radius equal to 10, describe a second arc 


intersecting the one before described, at #: then draw the line 
ZC, and it will be perpendicular to AB at C. 


Notse.—Any three lines, having the ratio of 6, 8, and 10, 
form a right-angled triangle, of which the side corresponding 


to 10 is the hypothenuse. 


FOURTH METHOD. 


34. Let AD be the given right 
line, and D the point at which the 


perpendicular is to be drawn. Take 


any distance, on the tape or chain, 
and place one extremity at D, and 4 
fasten the other at some point, as JL, eee 
between the two lines which are to form the right angle. Place 
a staff at #. Then, having stationed a person at D, remove that 
extremity of the chain and carry it round until it ranges on 
the line DA, at A. Place a staff at A; then remove the end 
of the chain at A, and carry it round until it falls on the line 
AF, prolonged, at # Then place a staff at ”; ADF will be 
a right angle, being an angle in a semicircle. 

Norr.—There is a very simple instrument, used exclusively 
in laying off right angles on the ground, which is called 


the 
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SURVEYOR’S CROSS. 


35. This instrument consists of two bars, AB and CD, Pl. 2, 
Fig. 1, permanently fixed at right angles to each other, and 
firmly attached at Z£, to a pointed staff, which serves as a 
support. Four sights are screwed firmly to the bars, by means 
of the screws a, 0, c, and d. 


As the only use of this instrument is to lay off right angles, 
it is of the first importance that the lines of sight be truly as 
right angles. To ascertain if they are so, let the bar AB be 
turned until its sights mark some distinct object; then look 
through the other sights, and place a staff on the line which 
they indicate: let the cross be then turned until the sights 
of the bar AB come to this last line: if the other sights are 
directed to the first object, the lines of sight are exactly at 
right angles. 

The sights being at right angles, if one of them be turned 
in the direction of a given line, the other will mark the direc- 
tion of a line perpendicular to it, at the point where the in- 
strument is placed. 


II. From a given point without a straight line, to Iet fall a per- 


pendicular on the line. 


36. Let C be the given point, and AB the given line. 


From CO; measure a line, as CA, | bs 
to any point of the line AB. From E 
A, measure on AB any distance as t a 
AF, and at # erect FH perpendicu- 74 # eeu 4 
lar to AB, 


Having stationed a person at A, measure along the perpen- 
dicular /’Z’ until the forward staff is aligned on the line AQ: 
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then measure the distance AH. Now, by similar triangles, we 
haye, 
AT Oe AOS PUA? i FP): 

in which all the terms are known except AD, which may, 
therefore, be found. The distance AD being laid off from A, 
the point D, at which the perpendicular OD meets AB, be- 
comes known. If we wish the length of the perpendicular, 
we use the proportion, 


itn iowe it yA Cir: wGD: 


in which all the terms are known, excepting CD: therefore, 
CD is determined. 


III. To determine the horizontal distance from a given point to an 


inaccessible object. 
FIRST METHOD. 


37. Let A be an inaccessible object, and # the point from 


which the distance is to be measured. 


At #, lay off the right angle AZD, 
and measure in the direction HD, fs 
any conyenient distance to D, and RES Ie e 


place a staff at D. Then measure 
from £#, directly towards the object b 
A, a distance HB of any convenient Dee E 
length, and at B, lay off a line BC perpendicular to LA. 
Measure along the line BC, until a person at D shall range 
the forward staff on the line DA. Now, D/P is known, being 
equal to the difference between the two measured lines DH 


and CB. Hence, by similar triangles, 


WH: FO ws Wan. IA, 


in which proportion all the terms are known, except the fourth, 


which is therefore foynd. 
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SECOND METHOD. 


38. At the point Z, lay off HB 
perpendicular to the line #A, and 
measure along it any convenient 
distance, as LB. 

At B lay off the right angle =e 
EBD, and measure any distance i 


in the direction BD. Let a person D 

at D align a staff on DA, while a second person at B aligns 
it on BH: the staff will thus be fixed at C. Then measure 
the distance BC. 


The two triangles BCD and CAL being similar, we 


have, 
BOs BD © ss ies ce nae 


in which all the terms are known, except the fourth, which is, 
therefore, found. 


THIRD METHOD. 

39. Let B be the given point, and A the inaccessible object; 
it is required to find BA. 

Measure any horizontal base-line, 
as BC. Then, having placed staves 
at B and C, measure any conve- 
nient distances BD and CE, such 
that the points D, 2, and <A, shall 


be in the same right line, as also, 
the points #, C, and A; then meas- 


ure the diagonal lines DC and HB. p E 

Now, in the triangle BHC, the three sides are known, there- 
fore, the angle #CB can be found. In the triangle CDB, the 
three sides are also known, therefore the angle CBD can be 
determined. These angles being respectively subtracted from 
180°, the two angles ACB and ABC become known; and hence, 
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in the triangle ABC, we haye two angles and the included side, 
to find the side BA. 
FOURTH METHOD. 

40. Let AC be the distance 
required. Lay off the right angle 
CAB, and measure AB, any con- 
venient distance. At B lay off the 
right angle CBD, and fix the point 
D, carefully, in line with AC. 
Measure AD. Then, 


Ae Rds Ads ACoA C'S 
(Legendre, Bk. IV., Prop. 23.) 
Nore.— When such problems 


AB 
D. 


bh 


oceur in practice, the distance AC 
is usually a portion of a longer line, so that the line CAD is 


f _ well marked by stakes or pins, before AZ is measured. 


IV. To prolong a line beyond an obstacle. 


41. Let OA be the line to 
be prolonged. Lay off OAB 
= 120°, or CAB = 60°. Meas- 
ure AB, of such length as to 
permit BC to be measured 
without meeting the obstruc- 
tion. Make ABC= 60°, and 
measure BC, equal to AB. If 
A be not in sight from C, B 
make the angle BCP equal to 120°, and resume the survey of 
the line. AC is equal to AB or BC. 


Norr.—This method may be employed in the absence of 
any angular instruments, by constructing an equilateral triangle 
with the chain. Holding together the end of the chain with 


. 
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the 90-link point, let two assistants draw out at the 30, and 
at the 60 point, until the three lines are straight. 


V. To find the altitude of an object, when the distance to the 
vertical line passing through the top of it is known. 
42. Let CD be the altitude required, and AC the known 
distance. 
From A, measure on the 
line AC, any convenient dis- 
tance AB, and place a staff 


vertically at B. Then placing _, -- i 
3 fix) 2 
the eye at A, sight to the B C 
object D, and let the point, at which the line AD cuts the staff 
BE, be marked. Measure the distance BH on the staff; then, 
AB =: . BS Set ae, 
whence CD becomes known. 


If the lme AC cannot be measured, on account of inter- 
vening objects, it may be determined by calculation, as in the 
last problem, and then, having found the horizontal distance, 
the vertical line is readily determined, as before. 


APPLICATIONS TO HEIGHTS AND DISTANCES. 


I. To determine the horizontal distance to a point which is inaccess: 
ible by reason of an intervening river. 


43. Let O be the point. Measure 
along the bank of the river a hori- 
zontal base-line AB, and select the 
stations A and B, in such a manner 


that each can be seen from the other, 
and the point @ from both of them. 
Then measure the horizontal angles 
CAB and OBA, with an instrument adapted to that purpose. 
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Let us suppose that we have measured AB = 600 yards; 
CAG =A = 52°35" ahd CBA B = 64° 52. 
Then, C = 180° — (A + B) = 57° 84’. 


To find the distance BC. 
sin'G = pin Ay os ae: BC. 
Applying logarithms, we have, 
(a. @) log sin C (57° 5#) "| 0.073649 
log sin A (57°35’) . 2 . . . 9.926481 
ioe EB = (600) O08 Se PURO R Pye 15T 


we BO NOUOL «5 6. 6 6 ee aeeol, 


To find the distance AC, 
anvCs: “sin B22" At SAC, 
and applying logarithms, we have, 
(a. c.) log sin C (57° 34’) . . 2 . ~ 0.073649 


Jog em B (64°51) oo re) Sap 0.956744 
lomeddts (600)... .> Jee “ie 129 78iL 


log AC 643.94... 2 «4 « 2.808544 


Zi. ‘To determine the altitude of an inaccessible object above a given 
horizontal plane. 


FIRST METHOD. 


44. Suppose D to be an inaccess- 
ible object, and BC the horizontal 
plane from which the altitude is to 
be measured: then, if we suppose DC 
to be a vertical line, it will represent 
the required distance. 

Measure any horizontal base-line, as BA; and at the ex- 
tremities B and A, measure the horizontal angles CBA and 

* CAB. Measure, also, the angle of elevation DBC. 
Then, in the triangle CBA, there will be known, two angles 


86 ELEMENTS OF SURVEYING. [BOOK It. 


and the side AB; the side BC can therefore be found by 
calculation. Having found BC, we shall have, in the right- 
angled triangle DBC, the base BC and the angle at the base, 
to find the perpendicular DC, which measures the altitude of 
the point D, above the horizontal plane BC. 
Let us suppose that we have found, by measurement, 
BA = 780 yards. 

The horizontal angle CBA = B = 41° 24, 

the horizontal angle CAB = A = 96° 28’, 

and the angle of elevation DBC = 10° 43’. 


To find, in the triangle BCA, the horizontal distance BC. 
The angle BCA = C= 180° — (A + B) = 42° 08’. 
Then, sinc? + sin Asvet ab Bmediees 
and applying logarithms, we have, 


(a..c.), lope sin tC (42° 08’). oh a) hb OE 869 
log ‘gin A. (96° 28’) as <a VSS O08 28s 
log AB. (780)... 2 sae eee 08s 


log BC 1155.29 yards . . . 3.062692 


In the right-angled triangle DCB, to find DC. 
We have, from Theorem IV., 
& -3) tan DBC. 33) BOF AWE 
Applying logarithms, we have, 


(a. c.) log R (90°) . -. 2 2S #:0,000000 
log tan DBC_(10° 43‘) . . . 9.277048 
log BC (1155.29) . . . 3.062692 
log DC » 218.64 °. 3. -. 2.839735 


Nore 1.—It might, at first, appear, that the solution which 
we have given, requires that the points B and A should be in 
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the same horizontal plane; but it is entirely independent of 
such. a supposition. 

For, the horizontal distance, represented by BA, is the same, 
whether the station A is on the same level with B, above it, 
or below it. The horwontal angles CAB and CBA are also 
the same, so long as the point C is in the vertical line DC. 
Therefore, if the horizontal line through A should cut the ver- 
tical line DC, at any point, as #, above or below C, AB would 
still be the horizontal distance between B and A, and AZ, 
would be the horizontal distance between A and C. 

If at A, we measure the angle of elevation at the point D, 
we shall know in the right-angled triangle DAZ, the base AZ, 
and the angle at the base; from which the perpendicular DZ 
can be determined. 

Let us suppose that we had measured the angle of elevation 
DA#, and found it equal to 20° 15’. 


First: In the triangle BAC, to find AO, or its equal AH. 
Mie: ein By ts Ab Ss AC or AW) 
Applying logarithms, we have, 
(a.c.) log sin C (42° 08’). . . . . 0.178869 


log sin B (41°24). . . = «.-:9.820406 
dae A (P80) i Be. se) oy AO URUOD 


logttaAh> 768.905 3 Gs, «a0! 32859670 


In the right-angled triangle DAB, to find DE. 
We have, from Theorem IV., 
eme tally Aces PAM gr hence, 
(a.c.) log & (O02) wana Wie 4 1°0.000000 


log tan A (20°15") . . . . 9.566932 
log AH (768.9) . ~~. . 2885870 


log DH 283,60 -. Ue a) ee ~2A52802 
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Now, since DC is less than DZ, D 
it follows that the station B is above eee 


the station A. That is, 


DE — DC = 283.66 — 218.64= 
65.02 = EC, 


which expresses the vertical distance 
that the station B is above the station A. 


Nore 2.—It should be remembered, that the vertical dis- 
tance which is obtained by the calculation, is estimated from 
a horizontal line passing through the eye, at the time of ob- 
servation. Hence, the height of the instrument is to be added, 
in order to obtain the true result. 


SECOND METHOD. 


45, When the nature of the ground will admit of it, 
measure a base-line AB, in the direction of the object D. 
Then measure, with the instrument, the angles of elevation 
at A and B. 

Then, since the outward 
angle DBC is equal to the 
sum of the angles A and 
ADB, it follows that, the 
angle ADB is equal to the 
difference cf the angles of elevation at A and B. Hence, we 
can find all the parts of the triangle ADB. Having found DB, 
and knowing the angle DBC, we can find the altitude DOC. 


This method supposes that the stations A and B are on the | 
same horizontal plane; and therefore it can only be used when 
the line AB ig nearly horizontal. 


Let us suppose that we have measured the base-line and 
the two angles of elevation, and found, = 
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AB = 975 yards, A =15° 36’, and DBC = 27° 29'; 
required the altitude DC. 
First: ADB = DBC — A = 27° 29’ — 15° 36’ = 11° 53’. 


In the triangle ADB, to find BD. 
sia Ds pa de MAB A ODES rence, 
(fc) Jog sia WOM” 85) eos er 0686802 
log gar “A 415 86 ys 9429683 
AA Og oy ga epee OO N00D 


log BD OS ote Bes oe ee LO4930 


In the triangle DBC, to find DC, 


We have, Theorem LI, 
eS Sin Bee DD Pee IG s hence, 
(a. c.) log R (OOF mee ay 6 ot EN) 
log sin B (27° 29’) . . . « 9.664168 
log GC (1278.8)... « .  8,104980 


0 


log DC Gots e's eo es OO0GD 


III. To determine the perpendicular distance of an object below a 
given horizontal plane. 


46. Suppose C’ to be directly over a io 
the given object, and A the point = +X, a7 


through which the horizontal plane 


is supposed to pass. 

Measure a horizontal base-line 
AB, and at the stations A and B 
conceive the two horizontal lines 
AC, BO, to be drawn. The oblique lines from A and JB, to the 
object, are the hypothenuses of two right-angled triangles, of 
which AC, BO, are the bases. The vernendiculars of these 
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triangles are the distances from the horizontal lines AC, BC, 
to the object. If we turn the triangles about their bases AC, 
BC, until they become horizontal, the object, in the first case, 
will fall at C’, and in the second at C”. 

Measure the horizontal angles CAB, CBA, and also the 
angles of depression C'’AC, CBC. 

Suppose that we have measured, and found AB = 672 yards; 
“BAC = 72° 29'; ABC = 39° 20's angle of depression C’AC= 
eo! and BC = 19T 0. : 

First: In the triangle ABO, the horizontal angle dCB= 
180° — (A + B) = 180° — 111° 49’ = 68° 11’. 


To find the horizontal distance AC 
sin. C : sin B 22, AB 3 AGS shente, 
(a..¢c.) log sin :C\ (68° 11') ... & 2 os .0.082275 


log sin B (39° 20’). . . . . 9.801973 
log AB (672)... . . . « .- 2.827369 


ford» 458,70 peabio PeeloLy 


0g 


To find the horizontal distance BC. 
sin “C’: Bin A >: AB 3 BCs whenee, 
(a,¢.) log sin C (68° EL )es) ees 1032275 
log sit, Ai2” 29) ss oe ee OU Oe 
log AB. (672) 145. pa es ie Be ace 
log BCy 69028 0 skeen sua a eos 


In the right-angled triangle CAC’, to find CC’. 
We haye, Theorem IV., 
& 3 tan A) sso LAC) ei Gls arhencs, 
(a. c.) log R (90°) 82'S 2 ee Omen OR 
, log tan A (27° 49"). 2 4). “22315 
log “AGS 458,79. 5 Pe ree ace 


log CC" | 249.06. .°. ... 23880ga.mm 
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In the triangle OBO", to find OC” 
We have, Theorem IV., 
A sp tany Bo BO sy OC" whence, 
fey oe R 490°). Da ol Bh ves0000 


toy tated Aa AO) ca eG 2 40541061, 
log BC (690.28). . . . . 2.889024 


log CO” 239.93 )2.-= se 2380086. 


Hence, also, CC’ — CO” = 242.06 — 239.93 = 2.13 yards; 
which is the height of station A above station B. 


PROBLEMS. 


1. Wanting to know the distance between two inaccessible 
objects, which le in a direct level line from the bottom of a 
tower 120 feet in height, the angles of depression are measured 
from the top of the tower, and are found to be, of the nearer 
57°, and of the more remote 25° 30’: required the distance 
between the objects. Ans. 173.656 feet. 


2. In order to find the distance be- 
tween two trees, A and B, which could 
not be directly measured because of a 
pool which occupied the intermediate 
space, the distances of a third point C 
from each of them were measured, and 
also the included angle ACB: it was found that, 

OB = 6%2 yards, 
CA = 588 yards, 
ACB = 55° 40’; 
required the distance AB. Ans. 592.967 yards. 


3. Being on a horizontal plane, and wanting to ascertain 
the ned of a tower standing on the top of an inaccessible 
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hill, there were measured, the angle of elevation of the top 
of the hill 40°, and of the top of the tower 51°; then measur- 
ing in a direct line 180 feet farther from the hill, the angle 
of elevation of the top of the tower was 33° 45’: required the 


height of the tower. 
Ans. 83.998. 


4, Wanting to know the hori- 
zontal distance between two inac- A ow 
cessible objects # and W, the fol- sis ; 
lowing measurements were made. 


ie = 536 yards 


BAW = 40 16 
viz.,< WAE = 57° 40’ 
ABE = 42 22 
BBW =A? ON; 
required the distance HIV. Ans. 939.634 yards. 


5. Wanting to know the 
horizontal distance between two 


by 


inaccessible objects A and B, 
and not finding any station 


\ ‘ 
Wem twneeee) 


from which both of them could 
be seen, two points C and D, 
were chosen at a distance from each other, equal to 200 yards; 
from the former of these points A could be seen, and from the 
latter B, and at each of the points C and D a staff was set up. 
From C' a distance O#' was measured, not in the direction DC, 
equal to 200 yards, and from D a distance DE equal to 20C 
yards, and the following angles taken, 


AFC = 83° 00',, BDF = 54° 30’, 
viz, 4 AOD = 58° 30', BDC = 156° 25', 
ACF = 54° 31’, BED = 88° 30’. 


Ans. AB = 3454 . yards. 
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6. From a station P there can be seen three objects, A, B, 


and.C, whose distances from each other are known: viz., 
AB = 800, AO= 600, and BC = 400 yards. 
Now, there are measured the horizontal angles, 
APC = 83° 45’, and BPC = 22° 30’: 
# is required to find the three distances, PA, PC, and PB. 


GEOMETRICALLY. 


With the three given sides construct 
the triangle ABC. Then, at A lay off the 
angle BAD = 22° 30’, and at B the angle 
ABD = 33° 45', and note D, the point at 
which the two lines intersect. 

Through the points A, D, and B de- 
scribe the circumference of a circle, and 
through C and D draw the line CDP; 
the point P in which it intersects the circumference, will be 


the position of the station. 


By observing the equal angles in the figure, the trigono- 
metrical solution is not difficult. We find, 


PC = 1042-522 4 


PA = 110.193 yards. 
Ans. 
Vac) ee 7 8 as 


Notzt.—This problem is much used in maritime surveying, 
for the purpose of locating buoys and sounding-boats. The 
trigonometrical solution is somewhat tedious, but the geomet. 
rical solution is very easy, as shown above. 


ma, 
get 
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SECTION IL. 


AREA OR CONTENTS OF GROUND. 


47. We come next to the determination of the arca or 
superficial contents of ground. 

The surface of ground being, in general, broken. and uneyen, 
it is impossible, without great trouble and expense, to ascertain 
its exact area or contents. To avoid this inconvenience, it has 
been agreed to refer every surface to a horizontal plane: that is, 
to regard all its bounding lines as horizontal, and its area as 
measured by that portion of the horizontal plane which the 
boundary lines enclose. 

For example, if ABCD were a 
piece of ground, haying an uneven 
surface, we should refer the whole 
to a horizontal plane, and take for 


the measure of the area that part SS Zs . 
of the plane which is included be- re “Zw 
tween the bounding horizontal lines AB, BC, CD, DA. 

In estimating land in this manner, the sum of the areas of 
all the parts, into which a tract may be divided, is equal to the 
area, estimating it as an entire piece: but this would not be 
the case if the areas of the parts had reference to the actual. 
surface, and the area of the whole were calculated from its 
bounding lines. 


48. The unit of measure of any quantity is a quantity of 
the same kind, regarded as a standard. For lines, the unit is a 
right line of a known length, as 1 foot, 1 link, 1 chain, or any 
other fixed distance. : 

It has been already observed (Bk. IL, Art. 18), that Gunter’s 
chain of four rods or 66 feet in length, divided into 100 links, 
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is the measure in general use among surveyors. In measuring 
land, the length of this chain is generally taken for the unit 
of linear measure. 


49. The unit of measure for surfaces is a square described 


en the unit of linear measure. 
1 foot. 


Thus, 1 square foot, 


1 yard = 3 feet. 


I square vard or 9 square feet, 


1 chain = 4 rods. 


3 square chain, or 16 square rods. 


When, therefore, the linear measures are feet, yards, rods, or 
chains, the superficial measures, are square feet, square yards, 
square rods, or square chains; and the numerical expression 
for the area, is the number of times which the unit of superficial 


measure is contained in the land measured. 


50. An AcreE, which is the common unit of measure for 
land, is a surface equal in extent to 10 square chains; that is, 
equal to a rectangle of which one side is ten chains and the 
other side one chain. 

A Roop, is one quarter of an acre. 

Since the chain is four rods in length, 1 square chain con- 
tains 16 square rods; and therefore, an acre, which is 10 square 
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chains, contains 160 square rods, and a rood contains 40 square 


rods. A square rod is called a perch. 


51. Land is generally computed in acres, roods, and perches; 
which are respectively designated by the letters A. R. P. 

When the linear dimensions of a survey are chains or links, 
the area will be expressed in square chains or square links, and 
it is necessary to form a rule for reducing such area to acres, 
roods, and perches. For this purpose, let us form the fol- 
lowing 

TABLE. 


Miles.| Acres. Roods. Sq. Chains. Perches. §q. Links. 


6400.0 | 102,400 64,000,000 
10.0 160 100,000 


2.5 40 25,000 
1.0 16 10,000 
fan 625 


1 square mile = 6400 square chains = 640°acres. 


When the linear dimensions are links, the area will be ex- 
pressed in square links, and may be reduced to acres by dividing 
by 100,000, the number of square links in an acre: that is, by 
pointing off five decimal places from the right hand. 

If the decimal part be then multiplied by 4, and five places 
of decimals pointed off, in the product, from the right hand, the 
figures to the left will express the roods. 

If the decimal part of this result be now multiplied by 40, 
and five places for decimals pointed off, as before, the figures 
to the left will express the perches. 

If one of the dimensions be in links, and the other in chains, 
the chains may be reduced to links by annexing two ciphers: 
or, the multiplication may be made without annexing the 
ciphers, and the product reduced to acres and decimals of an 
acre, by pointing off three decimal places from the right hand. 
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When both the dimensions are in chains, the product is 
reduced to acres by dividing by 10, or pointing off one decimal 
place. 

From which we conclude; that, 

Ist. If links be multiplied by links, the product is reduced 
to acres by pointing off five decimal places from the right hand. 

2d. If chains be nuitiplied by links, the product as reduced 
to acres by pointing off three decimal places from the right 
hand. 

3d. Lf chains be multiplied by chains, the product is reduced 
to acres by pointing off one decimal place from the right hand. 


52. Since there are 16.5 feet in a rod, a square rod is equal 
to 16.5 XK 16.5 = 272.25 square feet. 

If the last number be multiplied by 160, we shall have, 

272.25 xX 160 = 43560 = the square feet in an acre. 

Since there are 9 square feet in a square yard, if ie last 
number be divided by 9, we obtain, 


4840 = the number of square yards in an acre. 


PROBLEM I. 


53. To find the area of a piece of ground in the form of a square, . 
rectangle, or parallelogram. 


Rutz.—Wultiply the base by the altitude, and the product will 
express the area (Geom., Bk. IV., Prop. IV.) 


EXAMPLES. 


1. To find the area of the rectangular field op C 
ABCD. 

Measure the two sides AB, BC: let us 
‘suppose that we have found AB=14 chains 4 ; 


27 links, and BC=9 chains 75 links. Then, 
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AB = 1427 links, 
BC =--9%5 links, 
AB x BC= 18391325 square links, 
= 13.91325 acres. 
4 


3.65300 roods, 
40 


26.12000 perches. 
Ans. -13 A. 3h. 2675 


2. What is the area of a square field, of which the sides 
are each 33 ch. 81.? Ans. 109 ASK 29 2. 


3. What are the contents of a rectangular field, of which 
the longer side is 49 ch. 27 1. and the shorter 38 ch. 7 1.? 
Ans. “18 A. eee See 


4, What are the contents of a field in the form of a 
parallelogram, of which the base is 35 ch. 65 1, and altitude 
51 ch. 41.? Ans. 181 A. 3B. 33 P- 


PROBLEM II. 


54. To find the contents of a piece of land in the form of 
a triangle. 


FIRST METHOD. 


RuiE.—Measure either side of the A 
triangle as BC, and from the opposite 
angle A, let fall a perpendicular AD, and 
measure this perpendicular ; then, mut- 
tiply the base and perpendicular together, 
and divide the product by 2: the result will express the area of 
ihe triangle. Or, the area is equal to the base multyplied by 


half the perpendicular, or to the perpendicular multiplied by half 
the base (Geom., Bk. IV., Prop. VI.) 


B D Cc 
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EXAMPLES. 


1. What are the contents of a triangle whose base is 25 ch. 
11, and perpendicular 18 ch. 141.? Ans. 22 A. 2R. 29 P. 


2. What are the contents of a triangle whose base is 15.48 
chains, and altitude 9.67 chains ? Ans firAge lie. 3S r2 


SECOND METHOD. 


RuLE— Measure two sides and their included angle. Then, 
add together the logarithms of the two sides and the logarithmic 
sine of their included angle ; from this sum subtract the logarithm 
of the radius, which ts 10, and the remainder will be the logarithm 
of double the area of the triangle. Find, from the table, the 
number answering to this logarithm, and divide wt by 2: the 
quotient will be the required area (Geom. Mens., Art. 96). 


EXAMPLES. 


1. In a triangle ABC, suppose that we have found AB= 
57.65 ch. AC = 125.81 ch. and the included angle CAB= 
57° 25': required the area? 


Let the required area be designated by @ ; then, 


(tlog AB 5765 . « . » 1.760799 
+ log AC 125.81 . . . » 2.099715 
log 2Q= ° on! 

+ log sin A 57° 25'. . « « 9.925626 

eq ODM yeh oa). Sho cuernce tie, HALO 
2Q SOLA. 2:* 7a pe geen oO LOU TSO! 

And Q = 3055.7 square chains. 
Ans. 305 A. 2 RK. 11 P. 


Norr.—In this example, the links are treated as decimal 
: parts of the chain; the result, therefore, is in square chains 


and decimal parts of a square chain. 
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2. What is the area of a triangle whose sides are 30 and 40 
chains, and their included angle 28° 57’? 
Ans. 29 AS 0K. 7 P. 


THIRD METHOD. 


RutE—Measure the three sides of the triangle. Then, add 
them together and take half their sum. From this half sum 
subtract cach side separately. Then, multiply the half sum and 
the three remainders together, and extract the square root of the 
product: the result will be the area (Geom. Mens., Art. 97). 

Or, after having obtained the three remainders, add together 
the logarithm of the half sum and the logarithms of the respec- 
tive remainders, and divide their sum by 2: the quotient will be 
the logarithm of the area. 


EXAMPLES. 
1. Find the area of a triangular piece of ground whose 
sides are 20, 30, and 40 chains. 


BY FIRST RULE. 


20 45 45 45 

30 _ 20 — 30 — 40 

40 25. lst rem. 15 2d xem, "5 3d rem. 
2)90 n *e a 


45 =half sum. Then, 
45 X 2 X15 x 5 = 84375: and wv 84375 = 290.4737 = the 
area. Ans. 29A. OR. SP. 


2. What is the area of a triangle whose sides are 2569, 
#900, and 5035 links? 


BY SECOND , RULE. 


2569 6252 6252 6252 

4900 — 2569 — 4900 — 5035 

5035 3683 Ist, rem. 1852 2d rem. 1217 3d -em. 
2)12504 


6252 = half sum. 
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Mog 6852 90! 2 ph Ss Brg60r9 

1OF SEBS IOS. Se PLOY 98566202 

log 1852). a... SS PUG NB077 

Plog Ne... 2 4s, + 18,085201 

013. 578489 

Area in square links, 6155225. . . 6.789244 
Agiss* OleAc > Ne Obs 


Then, 


PROBLEM III. 


55. To find the area of a piece of land in the form of a trapezoid. 


RuLe—NMeasure the two parallel sides, and also the perpen- 
dicular distance between them. Add the two parallel sides together, 
and take half the sum; then multiply the half sum by the per- 
pendicular, and the product will be the area Mase: Bk. IV., 
Prop. VII.) 

EXAMPLES. 

1. What is the area of a trapezoid, of 
which the parallel sides are 30 and 49 chains, 
and the perpendicular distance between them 
16 ch. 601. or 16.60 chains? 

30 + 49 = 79; dividing by 2, gives . . . 89.5 
Pe ON eae eh Fe yeh io) 6s os Vel ee LOCO 


Giese 1a SCAG CHAINS... "6. sss) 6 # sODD.100. 
Aptsiy 6i-4 22. Lees 


2. Required the contents, when the parallel sides are 20 
and 82 ch. and the perpendicular distance between them’ 
26 ch. Ane CP ALZ RI AGP: 


PROBLEM IV. 
56. To find the area of a piece of land in the form of a quadrilateral. 


RuLteE—WMeasure the four sides of the quadrilateral, and also 
one of the diagonals: the quadrilateral will thus be divided into 
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iwo triangles, in both of which all the sides uill be known. Then, 
find the areas of the triangles separately, and their sum will be 
the area of the quadrilateral. 


EXAMPLES. 


1. Suppose that we have measured 
the sides and diagonal AC, of the quad- 
rilateral ABCD, and found 

AB = 40.05 ch. CD= 29.87 ch., 

BO = 262% ch. AD = 37.07 ch., 
and AO Soeh: 
required the area of the quadrilateral. 

Ans. 10 AW des 


Norr.—Instead of measuring the four sides of the quadri- 
lateral, we may let fall the perpendiculars Bd, Dg, on the 
diagonal AC. The area of the triangle may then be determined 
by measuring these perpendiculars and the diagonal AC. The 
perpendiculars are Dy = 18.95 ch., and Bb = 17.92 ch. 


PROBLEM Y. 


57. To find the contents of a field having any number of sides. 


Ruite.— Measure the sides of the field and also the diagonals: 
the three sides of each of the triangles into which the field will 
be thus divided will then be known, and the areas of the triangles 
may then be caleulated by the preceding rules. Or, measure the 
diagonals, and from the angular points of the field draw perpen- 
diculars to the diagonals and measure their lengths: the base and 
perpendicular of each of the triangles will then be known. 


EXAMPLES. 


1. Let it be required to determine the contents of the ficld 
ABCDE, having five sides. 
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Let us suppose that we have meas- 
ured the diagonals and perpendiculars, 
and found, 

AC = 36.21 ch, HC = 39.11 ch, 
Bo" 408 chi, Dd = "7.26" ch., 
Aa = 4.19 ch.: required the area of the field. 


Area of triangle ABC = 73.8684 square chains, 
area of = CDE = 141.9693 % sf 
area of ACH = 81.%399 ee BF 
area of ABCDE = 297.5776 2 ws 
Ans. 29A. 3B. 1P. 


PROBLEM VI. 


58. To find the contents of a long and irregular figure, bounded 
on one side by a straight line. 


Suppose the ground, of which the contents are required, to 
be of the form ABLZeda, bounded on one side by the right line 
AF, and on the other by the curve abcde. 

At A and #, the extremities of the a) pee eee 
right line AZ, erect the two perpen- | i 
diculars Aa, He, and on each of them A BY OCD SR 
measure the breadth of the land. Then divide the base into 
any conyenient number of equal parts, and measure the breadth 
of the land at each point of division. 

Since each part of the entire area, as ABda, is a trapezoid 
having an equal altitude—viz., the equal distance between any 
two of the perpendiculars; and since the area of each trapezoid 
is equal to half the sum of its parallel sides multiplied by the 
distance between them; and since the sum of these areas make 
up the area of the whole figure; and since, in this sum, each 
perpendicular, except the extreme ones, is taken twice,and they 
but once; and since the distance between any two perpendiculars 
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is a common multiplier of each part; therefore, for the entire 


area, we have the following 


Rutz—Add together the intermediate breadths and half the 
sum of the two extreme ones: then multiply this sum by one 
of the equal parts of the base-line, and the product will be the 
required area veru nearly. 


EXAMPLES. 


1. The breadths of an irregular figure, at five equidistant 
places, being 8.20 ch. 7.40 ch. 9.20 ch., 10.20 ch. and 8.60 
chains, and the whole length 40 chains, required the area 


8.20 4)40 
8.60 _10 one of the equal parts. 
2)16.80 

~ 8.40 mean of the extremes, 35.20 sum, 

7.40 10 

9.20 area 352.00 square ch. 
10.20 

35.20 sum. 


Ans. 35 A. 32 P. 


2. The length of an irregular piece of land being 21 ch. 
and the breadths, at six equidistant points, being 4.35 ch., 
5.15 ch., 3.55 ch., 4.12 ch., 5.02 ch. and 6.10 chains: required 
the area. Ans. 9A. 2h. 30P. 


3. The length of an irregular piece of land is 80 ch., and 
the breadths at nine equidistant points are 5.75 ch., 6.12 ch, 
4.80 ch., 5.09 ch., 3.87 ch., 5.17 ch., 6.00 ch., 3.94 ch., and 5.95 
ch.: what is the area? Ans. 404A. 3R. 14P. 


4. The length of an irregular field is 39 rods, and its 
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breadths at five equidistant places are 4.8, 5.2, 4.1, 7.3, and 7.2 
rods: what is its area? Ans. 220.35 sq. rods. 


Nore.—If it is not convenient to erect the perpendiculars 
at equal distances from each other, the areas of the trapezoids, 
into which the whole figure is divided, must be computed sepa- 
rately: their sum will be the required area. 


PROBLEM VII. 
59. To find the contents when the boundary is an irregular line. 


It frequently happens that a plot to be surveyed is bounded 
partly by an irregular line. In such a case, one or more 
straight lines are surveyed, and offsets measured from these 
lines, as often as may [} D 
be required to afford 
data for the computa- 
tion of the area, and 
a true delineation of 
the boundary. In the 
case represented in 
the figure, the stream 
from A to C is the 
boundary. The sta- 
tion B is selected for 


conyenience as it is 
evident, if the line were run direct from A to C, the labor of 


taking the offsets would be much greater. 


It will be observed that the offsets are so measured as to 
indicate the abrupt bends in the boundary; and furthermore, 
so that the areas thus cut off may be considered as being bounded 


by straight lines, without sensible error. 
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60. When the bound- 
ary is a crooked stream 
that is easily crossed, it 
is often convenient to / l 
survey a line across the’ WS 
bend, as in the figure, 
and locate by offsets 
upon both sides of the 
line. In any case, the 
small areas to be com- 
puted are only trape- 


zoids and triangles. 


é PROBLEM VIII. 
61. To find the area of a piece of ground in the form of a circle. 
Rute—NMeasure the radius AC: then 


multiply the square of the radius by 
8.1416 (Mens. Art. 105). 


Cc 


To find the area of a circular piece of land, of which the 
diameter is 25 ch. : ' Ans. 49.4. 0R. 14 P. 


PROBLEM IX. 


62. To find the contents of a piece of ground in the form of 
an ellipse. 
C 

Rutzt.— Measure the semi-axes AE, CE. 
Then multiply them together, and their eh B 
product by 3.1416. ‘ > 

To find the area of an elliptical piece of ground, of 
which the transverse axis is 16.08 ch., and the conjugate 


axis 9.72 ch. - Ans. 124.18. 4P. 


a 
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Norse 1.—The following is the manner of tracing an cllipse 
on the ground, when the two axes are known. 

From C, one of the extremities of the conjugate axis as a 
centre, and AZ, half the transverse axis, as a radius, describe 
the are of a circle cutting AZ in the two points F# and G: 
these points are called the foci of the ellipse. 

Then, take a tape, the length of which is equal to AB, 
and fasten the two ends, one at the focus 4 the other at the 
focus G. Place a pin against the tape and move it around, 
keeping the tape tightly stretched: the extremity of the pin 
will trace the curve of the ellipse. 


Note 2.—In determining the contents of ground, in the 
examples which haye been given, the linear dimensions have 
been taken in chains and decimals of a chain. 

If the linear dimensions were taken in terms of any other. 
unit, they may be readily reduced to chains. For, a chain is 
equal to 4 rods, equal to 22 yards, equal to 66 feet. Hence, 


Ist. Rods may be reduced to chains and the decimal of a 
chain, by dividing by 4. 

2d. Yards may be reduced to chains and the decimal of a 
chain, by dividing by 22. 

3d. Feet may be reduced to chains and the decimal of a 
chain, by dividing by 66. 

Nore 3.—If it is thought best to calculate the area, with- 
out reducing the linear dimensions to chains, the result can 
be reduced to acres: 

1st. By dividing it by 160, when it is in square reds 
(Art. 50). 

2d. By dividing it by 4840, when it is in square yards 
(Art. 52). 

3d. By dividing it by 48560, when it is in s:uare feet 
(Art. $2). 
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SECTION III. 
COMPASS SURVEYING. 


63. Tur Axis of the earth is the immoyable diameter abot t 
which it revolves; and the poles are the points in which the 
axis meets the surface. 


64. Any plane passing through the axis of the earth is called 
a meridian plane; and its intersection with the surface is called 
a meridian line, or simply a meridian. 


65. All the meridians converge towards the poles, but they 
vary so little from parallelism, within the narrow limits of 
surveys made with the compass, that they may, without sensible 
error, be regarded as parallel straight lines. 


66. Ifa magnetic needle be suspended freely, and allowed to 
settle to a state of rest, a vertical plane passed through its axis 
is called the plane of the magnetic meridian ; and its intersec- 
tion with the surface of the earth is called the magnetic meridian, 
or sometimes, a North and South line. A line perpendicular to 
a North and South line, is called an Hast and West line. 


67. A line traced, or measured on the ground, is called a 
Course ; and the angle which this line makes with the magnetic 
meridian, passing through the 
point of beginning, is called the 
Bearing. | 

Thus, if we start from the 
point A, and measure in the di- 
rection AB, the line AB is the 
course, and the angle NAB, is 
the bearing. 


When the course, like AB, falls between the north and east 
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points, and makes an angle of 46° with the meridian, the bearing 
is read, north 46° east, and is written, N. 46° E, 

When the course, like AQ, falls between the north and west 
points, and makes with the meridian an angle of 30°, the bearing 
is read, north 30° west, and is written, N. 30° W. 

When the course, like AD, falls between the south and west 
points, and makes an angle with the meridian of 70°, the bearing 
is read, south 70° west, and is written, S. 70° W. 

When the course, like AVF, falls between the south and east 
points, and makes with the meridian an angle of 70°, the bearing 
is read, south 70° east, and is written, 8. ‘70° EH. 

A course which runs due north, or due south, is designated 
by the letter N, or $8; and one which runs due east, or due west. 
by the letter HE, or W. 

68. If, after having passed over a course, the bearing is taken 
to the back station, this bearing is called the dack sight, or reverse 
bearing. 

69. The perpendicular distance between the east and west 
lines, drawn through the extremities of a course, is called the 
northing or southing, according as the course is run towards the 
north or south. This distance is also called the difference of 
latitude, or simply the latitude, because it shows the distance 
which one end of the course is north or south of the other. 

Thns, in running the course from A 
to B, AC is the difference of latitude, 
north 

7®. The perpendicular distance between W 


the meridians passing through the extremi- 
ties of a course, is called the departure of 
that course, and is east or west, according 
as the course lies on the east or west side of the meridian passing 
“through the point of beginning. 
Thus, in running the course AB, CB is the departure, east. 
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71. It is found convenient, in explaining the rules for sur- 
veying with the compass, to attribute to the latitudes and 
departures, the algebraic signs, + and —. 

We shall, therefore, consider every northing as affected with 
the sign +, and every southing as affected with the sign —. 
We shall also consider every easting as affected with the sign +, 
and every westing as affected with the sign —. 


72. The meridian distance of a point is its perpendicular 
distance from any assumed meridian. Thus, if the distance be 
estimated from the meridian NS, BC will be the meridian dis- 


tance of the point B. 


73. The meridian distance of a line, is the meridian distance 
of its middle point, and is east or west, according as this point 
lies on the east or west side of the assumed meridian. Thus, 
F@ drawn through the middle point of AB, is the meridian 
distance of the line AB. 


The sign + will always be given to the meridian distance 
of a point or line, when it lies on the east of the assumed 
meridian, and the sign —, when it lies on the west. 


SURVEYOR’S CoMPASS. 


74. This instrument (Pl. 2, Fig. 2), consists of a compass-box 
DCE, a magnetic needle, a brass plate 4B, from twelve to four- 
teen inches long, two plain sights, 47’ and BG, one of which 
is more fully shown in Fig. 3; and a stand, which is sometimes 
a tripod, and sometimes a single staff, pointed with iron at the 
lower end, so that it may be placed firmly in the ground. 

The open sights, A¥’ and BG, are placed at right angles to 
the plate AB, and fastened to it firmly by the screws a and 0. 
In each sight there is a large and small aperture or slit; the 
larger aperture being above the smaller in one of the sights, 
and below it in the other. A hair or thread of silk is drawn 
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vertically through the middle of the large aperture, as shown 
in Fig. 3. 

The compass-box DC¥# is circular, and generally about six 
inches in diameter. At the centre is a small pin, on which the 
magnetic needle is poised. This needle, if allowed to turn freely 
around the point of support, will settle to a state of rest: 
the direction which it then indicates, is that of the magnetic 
meridian. 

In the interior of the compass-box, there is a graduated 
circle divided to degrees, and sometimes to half degrees: the 
degrees are numbered from the extremities of the diameter NS, 
both ways to 90°. 

The length of the magnetic needle is a little less than the 
diameter of the graduated circle, so that the needle can move 
freely around its centre, within the circle, and its positions be 
noted on the graduated are. 

The compass-box is turned about its centre, without moving 
the plate AB, by means of the milled screw Z: and is fastened 
to the plate AB, by the screw P. 

In using the compass, it is important to ascertain the exact — 
angle which may be included between the magnetic meridian 
and the course. The course is always indicated by the line 
drawn through the eye and the sights A/’ and BG. 

To measure this angle, accurately, a small arc HJ is described 
on the bar AB, having its centre at the centre of the compass-box. 
This are is divided to degrees, and sometimes to the parts of a 
degree. A vernier is also used, which is permanently attachea 
to the compass-box. 

When the 0 point of this vernier coincides with the 0 point 
of the graduated arc HJ, the line of the compass-box marked 
N§, lies in the plane of the sights. 

Suppose the 0 of the vernier to coincide with the 0 of the 
arc HI. If the end of the needle does not stand at one of the 
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lines of division of the graduated circle, let the whole degrees 
be read. Then, turn the compass-box by means of the screw L, 
until the needle points exactly to the line which marked the 
whole degrees: the space passed over by the 0 of the vernier, 
ghows the parts of a degree that are to be added, to give the 


true reading. 


WorK ON THE FIELD. 

75. When a piéce of ground is to be surveyed, we begin at 
some prominent corner of the field, and go entirely around the 
land, measuring the lengths of the bounding lines with the 
chain, and taking their bearings with the compass. It is not 
material whether the ground be kept on the right hand or on 
the left, and all the rules deduced for one of the cases, are 
equally applicable to the other. ‘To preserve uniformity, however, 
in the language of the rules, we shall suppose the land to be 
always kept on the right hand of the 
surveyor. 

Let ABCD be a piece of ground 
to be surveyed, A the point where 
the work is to be begun, and NS a 
meridian. 


On a sheet of paper, rule three 


columns, as follows, and head them 
stations, bearings, distances. 


Stations. Bearings. Distances. 


L N 313° W 10.40 
Ne Go son 9.20 


2 
3 S 36° E 7.60 
4 S 454° W | 10.00 


Place the compass at A, and take the bearing to B, 
which is PAB: suppose this angle has been found to be 313°. 


SEC. ITI. ] COMPASS SURVEYING. 113 


The bearing from A to B is then N. 314° W. Enter this bearing 
in the field notes opposite station 1. Then measure the distance 
from A to B, which we will suppose to be 10 ch. 401, and insert 
that distance opposite station 1,in the column of distances. 


We next take the bearing from B to C, N. 62° E., and then 
nieasure the distance BC = 9 ch. 20 1, both of which we insert 


in the notes opposite station 2. 


At station C we take the bearing to D, 8. 36° E., and then 
measure the distance CD = 7 ch. 60 1, and place them in the 


notes opposite station 3.. 


At D we take the bearing to A, 8. 453° W., and measure 
the distance DA = 10 ch. We shall then have made all the 
measurements on the field which are necessary to determine 


the contents of the ground. 


PRINCIPLES. 


76. The reverse-bearing or back-sight, from B to A, is the 
angle ABH; and since the meridians NS and H@ are parallel, 
this angle is equal to the bearing NAB. The reverse-bearing 
is, therefore, 8. 31}° H. 

The reverse-bearing from C, is S 62° W.; that is, it is the 
angle JOB = GBC. And generally, 


A reverse-bearing, or back-sight, is always equal to the for- 
ward-bearing, and differs from it only tn both of the letters by 


which tt is designated. 


77. In taking the bearings with the compass, there are two 
sources of error. 1st. The inaccuracy of the observations: 2d. 
Local attractions, or the derangement which the needle expe- 

* riences when brought into the vicinity of iron-ore beds, or any 


ferruginous substances. 
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To guard against these sources of error, the reverse-bearing 
should be taken at every station: if this and the forward- 
bearing are of the same value, the work is probably right; but 
if they differ considerably, they should both be taken again. 

78. In passing over the course 
AB, the northing is found to be HB, 
aud the departure, which is west, is 
represented by AH. Of the course 
BC, the northing is expressed by BG, 
and the departure, which is east, by 
GC. Of the course CD, the southing 
is expressed by CZ, and the departure, 
which is east, by CF. Of the course 
DA, the southing is expressed by KA, 
and the departure, which is west, by DK. It is seen from the 
figure, that the sum of the northings is equal to HB + BG = 
HG; and that the sum of the southings is equal to C7 + KA 
=PA=HG: hence, the swum of the northings is equal to the 
sum of the southings. 


If we consider the departures, it is apparent that the sum 
of the eastings is equal to GC + CF = GF; and that the sum 
of the westings is equal to 4H+ DK =G¥F: hence, the sum 
of the eastings is equal to the sum of the westings. We there- 
fore see, that when the survey is correct, the sum of the northings 
will be equal to the sum of the southings, and the sum of the 
eastings to the sum of the westings. 

It would, indeed, appear plain, even without a rigorous 
demonstration, that after having gone entirely round a piece 
of land, the distance passed over in the direction due north 
must be equal to that passed over in the direction due south; 
and that the distance passed over in the direction due east 
must be equal to that passed over in the direction due west. 

79. The boundaries of a field are generally occupied by 
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fences, and frequently also by a border of shrubbery, so that 
chaining along the true boundary is impossible. 

In such cases, it becomes necessary to measure an offset at 
each end of the course (and at right angles to 
it), and of sufficient length to clear the obstruc- 
tions; the measurement is then made between 
these temporary stations. 

It is evident that the bearing and length of 
mn, the offset-course, are the same as those 


A 


5S ee 
rd 


of MN. m1 
When such offset-courses are necessary for several ee? 

, ; A nates 
successive courses, errors are likely to be committed, ky 
@ an 

unless the surveyor is careful to make new offsets Cs 
for each course. Ps baa 


The offset-courses, for the lines LM, ZN, and NO, are re- 
spectively Im, m’'n, and n’o. 


Such offsets, in field surveys, may generally be measured by 
the flag-staff, and the right angle may be determined with 
sufficient accuracy by the eye. 

It is, of course, immaterial, so far as accuracy is concerned, 

» upon which side of the line the offset is taken, whether it be 


outside or inside the field. 
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80. It has been customary, since the first settlement of this 
country, to use the compass in all land surveys, so that the 
description of lands, in purchase and sale, and by which they 
are recognized in the courts, involves the length and bearing 
of cach straight line of the boundary. The method, therefore, 


is, at present, a necessary one. 


The errors to which the compass is liable are so numerous 
and so variable, even in the same instrument, that a change 
of practice is very desirable. Many surveyors, to insure a higher 
degree of accuracy, measure the angles of a field with the 
theodolite or t ansit, and then, having determined the bearing 
of one side with sufficient accuracy, calculate the others by a 
method to be shown in a subsequent article. 


81. In surveys of large areas, the surveying party should 
consist of at least four persons—yiz., a compass-man, a flag- 
man, and two chain-men. In smaller areas, the work is gen- 
erally performed by the surveyor and one assistant; the surveyor 
serving alternately as compass-man and hind-chainman, and 


the assistant as flag-man and fore-chainman. 


82. The best method of recording the notes of the survey 
of any line, from which numerous offsets are measured, is to 
record the distances along the line in a central column of the 
left-hand page of the note-book, beginning the record at the. 
bottom of the page, and reserving each right-hand page for a 


diagram of the survey, and such remarks as are necessary. 


The advantage of beginning at the bottom of the page is 
this: that when standing on the line to be surveyed, and look- 
ing in the direction we propose to go, the column in the book 
lizs before us just as the line does, and all measurements made 
to the right or left of the line are recorded at the right or left 


of the column. In surveys where many auxiliary notes are 
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taken, a diagram is an important aid to a ready interpretation 
of the other notes. 


GENERAL EXAMPLE. 


83. To explain the method, in full, of making a compass 
survey and recording the notes, we will take an example of a 
farm, in which, in addition to the usual survey of the boundary, 
such other measurements are made as to enable us to make a 
correct map of the whole. 

Page 119, represents a farm to be surveyed, and page 118, the 
notes which are made, in the operations on the field. 

Beginning with the corner marked A, the bearing of the 
line AB, is taken. In most cases, offsets from both A and B 
would be taken, in order that the survey may be clear of the 
fence, but such offsets are not recorded. 

The record of the bearing of the first course is entered at the 
right of the column (page 118), while the letter designating the 
station, is placed to the left. 

The symbol A, which signifies station, is placed in the 
column, between the letter and the bearing, for each angle of - 
the farm. 

In chaining the first course, the intersection of the line 
with any objects worthy of notice is recorded. The first record 
is of the road leading to the quarry. As it is an unimportaut 
road, a single measurement of the distance on the course to its 
centre is sufficient to locate it. The distance is 4.30 chains. 

At 11.30 and 12.35 the sides of the turnpike are intersected. 
The bearing of the road, at this point, is also carefully taken and 
recorded. 

The intersections of the Garden fence and of the brook are 
also noted (17.40) and (18.10); and these, with the entire length 
of the course (31.95), close the record of this line. 


to Station A 


16.97 | Fenced on 
Uf i oy 


A S 30°W 
17.39 
17.350 


\. 
12 227. 


6.45% 
5.40 \ 


OAK TREE 
ee IW EAST SIDE 
40" OF WHEAT FreLe 


S87 5S Ww 


1.40 Fence V 28°KR ; 
B. ne 
31.95 
718.70 
prook 
Z== | 18.10 


12.35 TURNPIKE w2e2°k ABM HOUSE 


Station A Loi |i 68.55 ae 


MAP 


OF FARM. 


Potatoes 
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At B, the bearing of the northernmost chimney of the farm- 
house is taken (N. 73° E.) Such bearings serve two purposes. 
‘hey aid in the location of the objects observed, upon the map, 
and serve also, in case of errors, to aid in detecting their 
location. 

In general, in surveying large or small areas, some prominent 
point or points, within the boundary, should be selected, ard 
their bearings, from different angles, carefully noted. 

The chimney of the farm-house and the oak-tree in the 
corner of the wheat-field, are thus employed in this survey. 

At ©, the corner of the field, is in the centre of the brook, 
and from this point to D, the brook is the boundary. A straight 
line is run between the stations, and offsets are measured to 
each bend of the brook. 

It is necessary, in such a case, for the chainmen to exercise 
unusual care in keeping in the line between the stations, other- 
wise the lengths of the offsets cannot be correctly measured. 

At H, the bearing of the oak-tree is taken (N. 734° E.) On 
the course between # and F,a marsh is encountered, which the 
chainmen pass, by an offset course. 

At F, another bearing is taken of the oak-tree (S. 444° E.) 

At G, the bearing of the farm-house chimney is noted 
(S. 26° E.) At G and H the bearings of the division-fences are 
taken. On the course from H# to J, the turnpike is again crossed: 
the intersection of both sides, together with the bearing, are 
carefully noted. | 

From J to K, the intersection and bearing of the fence be- 
tween the potato and the wheat field, are recorded. The course 
from K to A closes the survey. 

To locate the buildings about the farm-house, a few measure- 
ments would be necessary; but they may begin with the point 


already located by the bearings taken to the chimney nearest the 
north end of the house. 


« 
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The dimensions of the buildings, their distances apart, and 
the direction of one side of each being taken, sufficient data is 
afforded for locating them, correctly, upon the map. 


Nore.—The advantage of the compass over other instruments 
with which angles are measured, lies chiefly in this: that the 
Bearing of a course may be measured at any point on the 
line. 

When the angle between adjacent sides is taken with the 
Transit or Theodolite, the work can only be done at the corners 
of the field; and when, as frequently happens, a hill intervenes 
between two consecutive stations, it becomes necessary to locate 
a point on the hill, in the true line, and then return to the 
corner to measure the angle; whereas, when the compass is 
employed, the establishment of the intermediate point on the 
hill affords the means of taking the proper bearing without 
going to the angle. Furthermore, the bearings may be meas- 
ured with the compass, by placing it at the alternate stations 
only. 


CONTENTS OF GROUND. 


84. Having explained the necessary operations on the field, 
we shall now proceed to show the manner of computing the 


contents of ground. 


THE TRAVERSE TABLE AND ITS USES. © 


85. This table shows the latitude and departure corre- 
sponding to bearings that are expressed in degrees and quarters 
ef a degree, from 0 to 90°, and for every course from 1 to 100, 


computed to two places of decimals. 


The following is the method of deducing the formulas for 


computing a traverse table; by means of these formulas and a 
6 


‘ 
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table of natural sines, the latitude and departure of a course 


may be computed to any desirable degree of accuracy. 


Let AD represent any course, and N D 
NAD = ACB, expressed in degrees and 
minutes, be its bearing. Let AC be the 
unit of measure of the course, and also 


eff RELIST 


the radius of the table of natural sines A 
(Bk. IL, Sec. IIL, Art. 57). Draw D# and s 
CB parallel to NS, and AZ perpendicular 

to AS. Then will DZ# be the latitude, and AH the departure 
of the course, and CB the cosine, and AB the sine of the 
bearing, to the radius AC = 1. 


byL 


From similar triangles we have these proportions, 
AG: *~CB =? ADA Spe. or 
1 : cos of the bearing :: course : latitude; 
and OS AB ores tek ee 
1 : sin of the bearing :: course : departure. 


Whence, lat. = course X cos of the bearing, 
dep. = course X sin of the bearing. 


We have then the following practical rule for computing 
the latitude and departure of any course. 


Look in a table of natural sines for the cosine and sine of 
the bearing. Multiply each by the length of the course, and the 
first product will be the latitude, and the second will be the 
departure of the given course. 


EXAMPLES. 


1. The bearing is 65° 39’, the course 69.41 chains: what 
is the latitude, and what the departure ? 
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Natural ‘cosine: of 65°39". 2 5s 2 41981 
Length of the course ... ei eavin.s 6948 
Product, which is the Dif. of Eat, - 28.6184371 
Natural siné/of 65°) 89°ts-5- Shs. de oR 1.91104 
Length of the course ... ee ae 69 AT: 
Product, which is the pesiners - « 63.2352864 


2. The bearing is 75° 47’, the course 89.75 chains: what 


is the latitude, and what the departure? 


Natural cosine of -75° 47’ . a. eo’. a 24559 
Length of course... et ABBAS 
Product, which is the Dif. = oe « 22.0417025 
Watnralisine “of 75-4) ae ttl cn =| 96987 
Length of ‘course 0). BMP COTO 


Product, which is the BoheAe: - ». 87%.0009575 


In this manner, the traverse table given at the end of the 
book, has been computed. When the bearing is given ir. 
degrees and quarters of a degree, and the difference of latitude 
and departure are required to only two places of decimals, they 
may be taken directly from the traverse table. 


When the bearing is less than 45°, the angle will be 
found at the top of the page; when greater, at the bottom. 
When the distance is less than 50, it will be found in the column 
« distance,” on the left-hand page; when greater than 50, in 
the corresponding column of the right-hand page. 


86. The latitudes or departures of courses N aes: 
of different lengths, but which have the z a wal 
same bearing, are proportional to the ; i] we 

Ww |- —5 
lengths of the courses. Thus, in the 
figure, the latitudes AG, AC, or the de- 
partures GF, OB, are to each other as the S 


courses 1/7, AB. 
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Therefore, when the distance is greater than 100, it may be 
divided by any number which will give an exact quotient, less 
than 100: then the latitude and departure of the quotient being 
found and multiplied by the divisor, the products will be the 
latitude and departure of the whole course. It is also plain, 
that the latitude or departure of two or more courses, having 
the same bearing, is equal to the sum of the latitudes or depart 
ures of the courses taken separately. 

Hence, if we have any number greater than 100, as 614, we 
have only to recollect that, 610 + 4= 614; and also, that the 
latitude and departure of 610, are ten times as great, respectively, 
as the latitude and departure of 61: that is, equal to the latitude 
and departure of 61 multiplied by 10; or, to such latitude and 
departure with the decimal point remoyed one place to the 
right. 

EXAMPLES. 

1. To find the latitude and departure for the bearing 294°, 

and the course 614. 


Latitude for 610 . . . 530.90 | Departure for 610 . . 3800.40 


Latitude for 4. . . 38.48] Departure for 4. . re 
Latitude for 614. . . 534.38 | Departure for 614 . . 302.87 


In this example, the latitude and departure answering to 
the bearing 294°, and to the distance 61, are first taken from 
the table, and the decimal point removed one place to the right’ 
this gives the latitude and departure for the distance 610; the 
latitude and departure answering to the same bearing and the 
distance 4, are then taken from the table and added. 


2. To find the latitude and departure for the bearing 624°, 
and the course 7855 chains. 


Latitude for 7800 3602.00 | Departure for 7800 . 6919.00 
Latitude for 55. 25.40 | Departure for 55. . 48.79 
Latitude for 7855 . 3627.40 | Departure for 7855 . 6967.79 
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Note.—When the distances are expressed in whole numbers 
and decimals, the manner of finding the latitudes and departures 
is still the same, except in pointing off the places for decimals: 
‘ut this is not difficult, when it is remembered that the column 
of distances in the table, may be regarded as decimals, by 
simply removing the decimal point to the left, in the other 


columns. 


3. To find the latitude and departure for the bearing 473°, 
and the course 37.57. 


Latitude for 37.00 . . 24.88 | Departure for 37.00 . 24.39 
Latitude for 57 .. .38.| Departure for 57 . 42 


Latitude for 37.57 . . 25.26 | Departure for 37.57 . 27.81 


BALANCING THE WORK. 


87. Having explained the use of the traverse table, we can 
proceed to compute the area of the ground. 


The field-notes having been completed, rule a new table, as 
on next page, with four additional columns, two for latitude, 
and two for departure. 

Then find, from the traverse table, the latitude and de- 
parture of each course, and enter them in the proper columns 
opposite the station. 

Then add up the column of northings, and also the column 
of southings: the two sums should be equal to each other. 
If they are not, subtract the less from the greater; the remain- 
der is called the error in latitude. This error takes the name 
of that column which is the least. For example, if the sum 
of the northings is less than the sum of the southings, the 
error is called, error in northing: but if the sum of the southings 

*is less than the sum of the northings, the error is called, error 


in southing. And similarly for the departures. 
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This error for latitude or departure must be distributed 
among the latitudes or departures of all the courses, in pro 
portion to the length of each course, observing to add the 
correction, when applied to the deficient column, and to sub- 
tract it, when applied to the other. 

We will illustrate this, by the example of (Art. 75). 


Dif. Lat. Dep. Balance. 
Stations.| Bearings, Dis. N. g. E. W. oa a 
+].—|+]- 

1 N. 314° W.| 10.40 | 887) ....].... | 5.48/4+8.86 |—5.44 
2 IN=62° | 82057 432)... Sede +4.31/+8.12 
3 Seo Et. 2.60 6.15} 4.47 —6.15 |+ 4.46 
4 S. 454° W.} 10. 7.01 7.13|—7.02 |—7.14 
Sum of courses, 37.20 | 13.19] 13.16] 12.60] 12.56 

13.16 12.56 
Error in southing... Os .04 Error in westing. 


The. error in southings, 3 links, is to be distributed among 
the northings and southings, in proportion to the lengths of 
the courses; a part to be added to the southings, and the 
remaining part subtracted from the northings. The error in 
westings is similarly distributed among the eastings and west- 
‘ings. For this, two new columns are formed, called, the dalanced 
latitudes and departures; and to these columns the latitudes 
and departures are transferred, after the corrections have been 
made: the north latitudes being marked +, and the south lati- 
tudes —, in order to distinguish them readily, and also, for 
convenience in the calculations which follow. 

The error of .03 in the latitudes is distributed among the 
latitudes, by subtracting 1 link from each-of the northings of 
courses 1 and 2, and adding 1 link to the southing of course 
4, This produces a balance. 
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Of the error of 4 links in the departures, 1 link is added to 
each. of the departures west, and 1 link subtracted from each 
of the departures east. This produces a balance. 


Nore.—When a knowledge of the conditions under which 
the survey was made, enables us to determine that errors were 
more likely to occur at certain points, it is doubtless best to 
apply the corrections to those courses where it seems probable 
the errors were made. 


88. The limit of error, to be allowed, depends of course upon 
the importance of the survey. 

In ordinary farming districts, the error should be as small 
as 1 link to 5 or 10 chains of perimeter. 

The “error of the survey” should be considered as the length 
of the line necessary to close the boundary, and is equal to the 
square root of the sum of the squares of the errors of latitude 
and departure. Thus, in the above example, the error of the 
survey is 5 links. The perimeter being 37.20 chains, the error 
is about 1 link to 7.45 chains, or 7}, of the perimeter. 


89. It will be well to bear in mind the fact, that if the 
error in the perimeter has been made in one course only, and 
distributed by the ordinary methods of balancing, among ail the 
courses, the error in area will be larger than the error in 


perimeter. 


90. When the error is so large that a re-survey becomes 
necessary, the balancing should be carefully re-examined. 

In many cases, the location of the error may be determined 
by inspection of the computation, and a portion of the labor 
of a re-survey, thereby saved. 

This refers more particularly to those cases where the erro: 
*is one of chaining, and is mostly in one course. Errors of this 
kind occur sometimes with experienced chainmen, who draw 
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the chain properly between the courses, but make occasionally 
an error in counting the fractional part of a chain at the end 
of a course. 

In such cases, the location of the error may be detected by 
epserving, first what columns contain errors, and secondly the 
ratio of the errors of Latitude and Departure. 

When the error in the survey has been ‘a single one, of dis- 
tance only, then the ratio between the errors of Latitude and 
Departure must be the same as the ratio between the Latitude 
and Departure of the course to be corrected. If the errors be 
in northings and westings, then the courses running either 


North and West, or South and East, should be examined. 


91. The surveyor should take every possible precaution 
against errors in the bearings. This is accomplished by back- 
sighting, taking bearings of some one object from seyeral sta- 
tions, and also by taking bearings of stations across the field. 
These precautions will give, in general, sufficient data for the 
detection of an error in bearing ; for, by mapping the survey, 
and drawing the lines to indicate the extra bearings, tne error 
is revealed by the failure of the lines to meet at a common 
point. 


$2. One source of error, in large surveys with the compass, 
is frequently overlooked. This is the diwrnal variation: there 
is sometimes as much as 15 minutes variation during the day- 
light hours. 

Errors from this source can only be avoided by testing the 
compass, at intervals of two or three hours, by taking the 
bearing of the same line. 


93. If each of the angles of the survey, included between 
two consecutive courses, be calculated by the method explained 
in Article 102, the bearings may then be verified by comparing 
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the sum of these angles with the sum of the interior angles 
of any polygon (Leg., Bk. I, Prop. 26). The same verification 
may also be made when the angles are measured with the 
theodolite or transit. 


$4. There is one kind of error frequently made in reading 
the compass when the bearing is nearly east or west. The 
error arises from reading North for South, or the reverse. If 1 
the survey is otherwise correct, the error in latitude is just 
twice the latitude of the course containing the error. 


DovuBLE MERIDIAN DISTANCES. 


95. After the work has been balanced, the next thing to 
be done is to calculate the double meridian distance of each 


course. 

For this purpose, any meridian line may be assumed. It is, 
however, most convenient to assume that meridian which passes 
through the most easterly or westerly station of the survey; 
and these two stations are readily determined by inspecting 
the field-notes. 

Having chosen the meridian, let the station through which 
it passes be called the principal station, and the course which 
begins at this point, the first course. Care, however, must be taken, 
not to confound this with the course which begins at station 1, 
and which is the first course that is entered in the field-notes. 

It has already been remarked (Art. 71), that all departures 
in the direction east are considered as plus, and all departures 


in the direction west as minus. 


96. To deduce a rule for finding the double meridian dis- 
tance of any course. Let SN be the assumed meridian. Let 
» BO represent any course, and AP the preceding course; also, 
let D and Z be their middle points. Draw #H, DG, and Ci, 
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perpendicular to the assumed meridian 
NS. Draw also AJ; HK, and BL, par- 
allel to WS. Then 2DG isthe double 
meridian distance of the course BC, and 
2HH = 2KG, is the double meridian dis- 
tance of the course AB. 

Now, 2D0G = 24K + 2KL+42LD ; but 
2KL=IL is the departure of the course 
AB, and 2LD = MC is the departure of *% 
the course BC; 


consequently, 246D-= 246K + 1£ + MC; 


hence, the double meridian distance of a course is equal to 
the double meridian distance of the preceding course, plus the 
departure of that course, plus the departure of the course itself: 


if there is no preceding course, the first two terms become . ° 


zero. We therefore have the following 


RutE—I. The double meridian distance of the first course 
is equal to its departure: 

Il. The double meridian distance of the second course 18 
equal to the double meridian distance of the first course, plus its 


departure, plus the departure of the second course: 


IL. The double meridian distance of any cowrse is equal to 
the double meridian distance of the preceding course, plus its 
departure, plus the departure of the course -itself. 


Nore.—It should be recollected that plus is lieve used in 
its algebraic sense, and that, when the double meridian distance 
of a course, and the departure which is to be added to it, 
are of different names, that is, one east and the other west, 
they will have contrary algebraic signs; hence, their algebraic 
sum will be expressed by their numerical difference, with the 
sign of the greater prefixed. 
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If the assumed meridian cuts the enclosure, the double 
meridian distances, estimated to the east are plus, and those 
on the west, must be taken with the minus sign. 

The double meridian distance of the last course should be 
equal to the departure of that course. A verification of the 
work is therefore obtained, by comparing this double meridian 
distance with that departure. 


AREA. 


97. Let us resume the example 
of Art. 73. We will first write the 
differences of latitude and the double 
meridian distances of the courses, 


in the following table. 


Stations. |Dif. of Latitude. D. M. D. 


it + cB + 2ba 2cAB 
ae + Bs + 2¢p 2RsC 
3 — yD + 2nh _ amsCD 


+ 2ed 20m DA 


It is evident, that cB multiplied by 2da= cA, will give 
double the area of the triangle cA. But cB and ba are both 
plus; hence, the product will be plus, and must be put in 
the column of plus areas. Double the area of the triangle 
BsG, is equal to Bs multiplied by 2gp, which product is also 
plus. 

* he area of the trapezoid msCD is equal to yD = ms multi- 
plied by nh (Geom., Bk. IV., Prop. VII, .); hence, double 


¢ 


\ 
i 
| ee, eee 


, 
? 
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‘the area is equal to yD into 2nh. But since yD (being a south- 


ing) is minus, and 2zh plus, it follows that the product will be 
negative; hence, it must be placed in the column of negative 
areas. 

Double the area of the trapezoid cA Dm, is equal to Df = me 
multiplied by 2de: but, since Df is negative and 2de positive, 
the product will be negative. 

It is now evident that the difference between the two columns 
is equal to twice the contents of the figure ABCD: and since 
the same may be shown for any other figure, we have, for finding 


the areas, the following general 


Rure.—I. Multiply the double meridian distance of each 
course by tts northing or southing, observing that like signs in 
the multiplicand and multiplier give plus in the product, and 
that unlike signs give minus in the product. 


II. Place all the products which have a plus sign, in one col- 
umn, and all the products which have a minus sign, in another. 

‘Tl. Add up the columns separately and take the difference of 
their sums: this difference will be double the area of the land. 


98. We will now make the calculations of this example, in 
numbers, from the field-notes, which are the following: 


Stations. Bearings. Distances.| Dif. Lat. Dep. D. M.D. 
ee eae |, ees cs +18.02 
1 | N 314° W } 1040 14896 |544) — th 

+ 5.44 


ae) | ON 62° oo 9.20 | +4.381 | +812 | + 8.12 


3. [8 36° B |. 60 | eegisM e4de eee 
| 20.70 

4.4§ 

4 S 454° W | 10. —%7.02 | —7.14 1.14 


+ 18.02 
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We see, from inspecting the notes, that 2 is the most westerly, 
and 4 the most easterly station. Either of them may, therefore, 
be taken for the principal station. Let us assume 2 for the 
principal station, through which the assumed meridian passes, 
and distinguish it by a star, thus *. 


Having done so, we enter the departure 8.12 in the column 
of double meridian distances, which is the double meridian 
distance of the course from B to C. The double meridian 
distances of the other courses are calculated according to the 
rule; and as the last, which is that of the course from A to 
B,is equal to the departure of that course, the work is known 
to be right. 


Let us now form a new .table, which will complete the 


arithmetical part of the work. 


Sta. Bearings. Dist. | Dif, Lat. | D.M.D.{ Ate Aron 

ue N 314° W | 10.40 | +8.86 |+ 5.44] 48.1984 
say) N 62° EH 9.20 | +4.381 |}+ 8.12] 34.9972 

3 $1365 EI 7.60 | —6.15 |+20.70 127.3050 

4 S 454° W | 10. —7.02 |+18.02 126.5004 

83.1956 | 253.8054 

83.1956 

2)170.6098 


Area in sq. ch. . . . . 85.3049 


Dinidime by 10: “S47 8.53049 
4. 


2.12196 
40 


Ans. 8A. 2R. 4.88 P. 4.87840 
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PLOTTING. 


99. It now only remains to make 
a plot of the ground. 

For this purpose, draw any line, as 
NS, to represent the meridian passing 
through the principal station; and on 
this line take any point, as B, to repre- 
sent that station. 


FIRST METHOD. 


Having fixed upon the scale on which the plot is to be 
made, lay off from B, on the meridian, a distance Bs equal to 
the difference of latitude of the second course, and at s erect 
a perpendicular to the meridian, and make it equal to the 
departure of that course: then draw PBC, which will be the 
‘second course. 

Through C draw a meridian, and make Cf equal to the 
difference of latitude of the third course, and through f draw 
a perpendicular fD, and make it equal to the departure of that 
course: draw CD, and it will be the third course. 

Lay down, in the same manner, the courses DA and AB, 
and the entire plot will be completed. 


SECOND METHOD. 


The work may be plotted in another manner, thus. At 
the principal station B, lay off an angle equal to the bearing 
from B to QC, which will give the direction of BC. Then, from 
the scale of equal parts, make BC equal to the second course: 
this will give the station 0. 

Through C draw a meridian, and lay off an angle equal to 
the bearing from (7 to D, and then lay off the course OD. Do 


2 
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the same for the bearing at D and the course DA; also, for 
the bearing at A and the course AB, and a complete plot of 
the ground will thus be obtained. If the work is all right, 
the first line AB, that was run, and the last line plotted, will 
exactly close the figure. This plot is made on a scale of 10 
chains to an inch. 


By TABLE or NATURAL SINES. 


100. If the land surveyed be very valuable, and very great 
accuracy is necessary in the computation of the area, it may 
be well to calculate it by means of the Table of Natural Sines 
(Bk. I., Art.- 37). 

In this Table the degrees are marked at the top and bottom 
of each page, and the minutes at the left and right. The table 
being calculated to the radius 1, the sines and cosines are 
expressed in decimals of 1. When the Table is used for the com- 
putation of areas, the cosines are the differences of latitude, and 
the sines the differences of departure, to the distance 1. Hence, 
if the cosine and sine be taken from the table, for any course, 
and then multiplied respectively by the length of the course, 
the products will be the latitudes and departures for that 


course and distance. 


Let us resume the last example. 


TUDE. DEPARTURE. 
Stations.| Bearings. | Distances. a; a 8 iB —— 
1 N 313° W | 10.40 8.8675 5.4340 
2 N 62° E 9:20, | 4.3191 8.1231 
Seah OO Ou 7.60 6.1486 | 4.4672 
4 18 457° W| 10. 


We first take from the Table of Natural Sines, page 69 (of 
Tables), the cosine and sine of 313°, which are .85264 and .5225. 


) 
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We then multiply them by the distance 10.40, and the products 
8.867456 and 5.43400 are the latitudes and departures of the 
course; which we enter in the table, omitting the decimals after 
the fourth place. We find, in a similar manner, the latitudes and 
departures of the other courses; after which the work is balanced 
and wrought, as with the Traverse Table. 


EXAMPLES. 


1. It is required to determine the contents and plot of a 
piece of land, of which the following are the field-notes—viz.: 


Sta: F Dif. Dep. BALANCED. 
tions.| Bearings. | Dist. N E Ww =. ; oe DM.D.| spwa, AREA. 
+ - —_ 52 bie ~ + = 
N 46}° W | 20.76 | 14.29 15.06 | +14.30 | —15.04 | 15.04 | 215.0720 


N digo HE / 13.80 | 8.54 10.84 +8.55 
E 21.85 21.35 


+10.86 | 10.86 | 92.8530 
+21.87 | 43.09 
S 56° E | 27.60 15.44 | 22.88 —15.43 | +22.90 | 87.86 
S$ 3330 W | 18.80 15.72 |» 10.31 | —15.71 


1347.9648) 
—10.29 | 99.97 1570.5287 


a an Fr WOW YD FH 


N 7440 W | 30.95 | 8.27 29.83 


+8.29 | —29.80 | 59.88 | 496.4082 


31.10 | 81.16 | 55:07 | 55.20 804.3312 2918.4935 
31.10 55.07 : 804.3312 
Error..... .06 13 Error. 2)2114.1623 


‘Ans. 1054.22. 33.P, — 1057.08118 
Plot of the ground. | 


EIS 
mb) 
— 
Ea 
ix 


D 


Norz.—When the bearing is due East or due West, the error 
in latitude is nothing, and the corrections for latitude must 
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be distributed among the other courses. So, when the bearing 
is due North or due South, the error in departure is nothing, 
and the error in departure must be distributed among the 
other courses. In the examples for practice, we have not been 
as careful to have as close balances as must be had, in actual 


work on the field. 


2. Required the contents and plot of a piece of land, of 
which the following are the field-notes. 


Stations. Bearings. ' Distances. 
1 S 34° W 3.95.-ch. 
2 S 4.60 
3 S 367° 8.14 
4 N 593° E 3.72 
5 N 25°" E 6.24 
6 N 16° W 3.50 
7 N 65° W 8.20 


Ans. 10A. OR. OP. 


3. Required the contents and plot of a piece of land, from 
the following field-notes. 


Stations. Bearings. Distances. 
is S 40° W 70 rods. 
4 N 45° W 89 
3 N 36° E 125 
4 N 54 
5 5 sl? i 186 
6 s 8° W amy 
7 W 130 


Ans.) 20 Ae 3 Rh. 33P. 
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| e 
4. Required the contents and plot of a piece of land, from 
the following notes. 


Stations. Bearings. Distances. 


404° 31.80 ch. 
54° 2.08 


gre 2.21 
283° | 35.35 
Bao: 21.10 
47° 31.30 


Ans: 92:A. 3 R32 P- 


5. Required the area of a survey, of which the following 
are the field-notes. 


Stations. Bearings. Distances. 
I N 42° E 5.00 ch. 
2 East. 4.00 
3 N -9°°h 4.00 
4 S 69° E 5.56 
5 S 36° E 7.00 
6 S 42° W 4,00 
ih S 75° W 10.00 
8 Ss; 39° W 7.50 


If, in this example, we assume 1 as the principal station, 


the double meridian distances will all be plus, and the posi- 


tive area will exceed the negative. 

In balancing, we shall find the error in southing to be 
; .28 ch., and in westing .22 ch. The area BI3 A. OR ALPL It 
should, however, be remarked, that in all the examples the 
answers may be slightly varied by distributing the corrections. 


SEC. III.] AREA OF GROUND. 139 


6. What is the area of a survey of which the following 
are the field-notes? Make the plot. 


Stations. Bearings. Distances. 
i N 75° 00' EB 54.8 rods. 
2 N 20° 30’ B 41.2 
3 East. 64.8 
4 S 33° 30' W 141.2 
5 S 6° 00’ W 64.0 
6 North. 36.0 
" S 84°00’ W 46.4 
8 N 53° 15’ W 46.4 
9 N 36° 45’ EB 76.8 
10 N 22° 30' E 56.0 
11 S 16° 45' EB 48.0 
12 S 15° 00' W 43,4 
13 S 16°45’ W 40.5 


In this survey 4 is the most easterly and 9 the most westerly 
station. The area is equal to 1104. 2. 23 P. It may varya 
little, on account of the way in which the balancing is done. 


% What is the area of a survey of which the following 
are the notes? Make the plot. 


Stations. Bearings. Distances. 
x S 463° EH 80 rods. 
2 S 512° W 55.20 
3 West. 85 
4 N - 562" Wi 110.40 
5 N 332° E ; 75.20 
6 S 144° E 123.80 


PAG) Spell AWA sualanty eel) 22, 
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8. Required the area of the farm, of which the survey 
notes are given on page 11%. 


Stations. Bearings. Distances. 


A N 68° 55’ W | 31.95 


B N35, E 1.40 


S 87° 05’ W | 22.89 
E 


N 30° 35’ 8.39 


D to be added, 
N 87° 05’ H | 14.51 15.9450 chains. 


C 

oa 

cecal N 42° 05’ E | 23.91 | Offsets between C and 
z : 
G 


S 64° 30’ E "5d Offsets to be subtract- 
——| ed, 15.1885 chains. 


H eet A By P2231 
I S 27° EK | 17.39 
K S 30° Wo1* 16:97 


PROBLEMS. 


I. To determine the bearing and distance from one point to another, 
when they are so situated that one cannot be seen from the 
other. 


101. Let A and C be the two points, 
and AB a meridian passing through 
one of them. From either of them, as 
A, measure a course 42, of a con- 
venient length in the direction toward 3 
QC, and take the bearing with the com- 
pass. At 2, take the bearing of a second 
course, and measure the distance to 3. 

At 3, take a third bearing and measure 
to 4, At 4, take the bearing to 0, and 
measure the distance from 4 to (% 


Then, the difference between the sum of the northings and 


2 
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the sum of the southings will be denoted by AB; and the 
difference between the sum of the eastings and the sum of the 
westings, by BC. The base AB, and the perpendicular BC of — 
the right-angled triangle ABO, are then known. The angle 
at the base, BAC, is the bearing from A to C; or the equal 
alternate angle at C is the bearing from CO to A, and the 
hypothenuse AC, is the distance. 


Having measured the bearings and courses on the field, 
form a table, and find the base and perpendicular of the right- 
angled triangle, in numbers; after which, find the bearing and 


distance. 

Stations. Bearings. Distances. NG s. E. W. | 
1 N 61° W 40 ch. 19.39 34.98 
2 N 42° W 41, 30.47 27.483 

3 N 12° E 16.10 15.75 3.30 

4 N 47° E 32.50 22.16 23.77 
AB = 87.77 27.12 | 62.41] 
27.12 


OB = 35.29 ch. 


To find the angle BAC, or the bearing from A to C, 


Radius : tan Acstge AB: BOC, 
or, AY gti. ©, ise et sortam Ag 
that is, applying logarithms, 


(a.c.) log AB (87.77) .« « . . - 6. © 8.056654 
fog’ BO, (88.29). 4 som h2 .. 1547662 
lores he sae se) steeds - ». 10. 


log tan A 21°54'12" . . . . 9.604306 
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To find the distance AC. 
sin’ A: sR 2: BO : ACe 
Applying logarithms, 
(a.c.) log sin A 21°54'12 . . «© © © « 0428242 


LOG Dac he tt Rg ee ie wks Wek oe 
log BC (35.29) . « 2 « « we « 1.547652 


log AC 9LG 2. se ee eo 
Hence, the bearing and distance are both found. 


Norte 1.—Had any of the courses run south, 4B would have 
been equal to the sum of the northings, minus the sum of 
the southings. 


Nore 2.—The last problem affords an easy method of finding 
the bearing and length of one of the courses of a survey, when 
the bearings and lengths of all the others are known. It may 
be necessary to use this method when there are obstacles which 
prevent the measuring of a course, or when the bearing cannot 
be taken. Indeed, ¢wo omissions may in general be supplied by 
_ calculation. It is far better, however, if possible, to take all the 
notes on the field. For, when any of them are supplied by 
calculation, there are no tests by which the accuracy of the 
work can be ascertained, and all the errors of the notes effect 
also the parts which are supplied. 


EXAMPLES. 


1. In a survey we have the following notes: 


Stations. , Bearings. Distances, 
1 N 314° W 10 ch. 
2 N 622° EH 9.25 
3 Lost. Lost. 
4 S 454° W 10.40. 
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What is the bearing distance from station 3 to 4? 


Bearing, S 38° 52’ E. 
Ans. : 
Distance, 7.03 ch. 


° 


2. In a survey we haye the following notes: 


Stations. Bearings. Distances. 
1 S 40° E 31.80 ch. 
2 N 54° EH 2.08 
3 Lost. Lost. 
4 N 283° E 00.30 
a) N57? oW 21.10 
6 Ss 47° W 31.30 


What is the bearing and distance from 3 to 4? 
Bearing, N 34° 47’ E. 
Distance, 2.19. ch. 


Ans 


II. To determine the angle included between any two courses, 
when their bearings are known. 


102. Let NS be a meridian 
passing through A. 


Let AB, AC, AH, AD, and 
AF, be five courses running 
from.A. We readily deduce the 
following 


PRINCIPLES. 


When the meridional letters are alike, 
and those of departure also alike, the differ- 
ence of the bearings 1s the angle between 


AC is N 26° W | 
AH isN 65° W 


CAH = 39 the courses. 
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When the meridional letters 


AB is N 46° H 
AC is N 26°°W are alike, and those of departure 
—— unlike, the sum of the bearings 18 
CAB = 72° 


J the angle between the cowrses. 


When the meridional letters 

AC is N 26° W are unlike, and those of departure 

AD is 8 66° W (one the angle between the courses 
CAD = 180° — 92° = 88° | 28 equal to 180°, minus the sum 


of the bearings. 


When the meridional letters 

AC is N 26° W are unlike, and those of departure 

APlis:S_ 66° i also unlike, the angle between the 

CAF = 180° — 40° =140° | courses is equal to the difference 
of the bearings taken from 180°. 


Nore.—The above principles are deduced, under the sup- 
position that the two courses are both run from the same 
angular point. Hence, if it be required to apply these rules to 
two courses run in the ordinary way, as we go around the field, 
the bearing of one of them must be reversed before the caleu- 
lation for the angle is made. 


EXAMPLES. 


1. The bearings of two courses, from the same point, are 
N 37° E, and 8 85° W: what is the angle included between 
them ? ANS. ABZ: 


2. The bearings of two adjacent courses, in going round a 
piece of land, are N 39° W, and S 48° W: what is the angle 
included between them ? Ans. 89°; 


3. The bearings of two adjacent courses, in going round a 
piece of land, are 8 85° W, and N 69° W: what is the angle 
included between them? Ans. 154°. 


z 
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4. The bearings of two adjacent courses, in going round a 
piece of land, are N 55° 30’ EK, and § 69° 20’ E: what is the 
angle included between them? Ans. 124° 50’. 


LAYING OUT AND DIVIDING LAND. 


103. The surveyor is often required to lay off a given 
quantity of land, in such a way that its bounding lines shall 
form a particular figure, viz., a square, a rectangle, a triangle, 


- &c. He is also often called upon to divide given pieces of 


land into parts containing given areas, or, into areas bearing 
certain relations to each other. 

The manner of making such divisions must always depend 
on a skilful and judicious application of the principles of | 
geometry and trigonometry to the particular case. 

For example, if it were required to lay out an. acre o. 
ground, in a square form, it would be necessary to find, by 
calculation, the side of such a square, and then trace, on the 
ground, a figure bounded by four equal sides, at right angles 
to each other. 

PROBLEM I, 


104. To lay out a given quantity of land in a square form. 


Rute—Reduce the given areca to square chains, or square 
rods: then extract the square root, and the result will be the 
side of the required square. This square being described on the 


ground, will be the figure required. 


1. To trace a square which shall contain 154. OR. 12 P. 
First, 15.A = 60 & = 2400 P ;. hence, 
Add, InP 
154 0R 12P = 2412P; the square root 
of which is 49.11, nearly. Therefore, if a square be traced on 
‘the ground, of which the side is 4911 rods, it will be the 


required figure. 


10 
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2. To trace a square which shall contain 176 4. 1 R. 24P. 


First, 176 A = 1760 square-chains, 
VS eee 3 
hence, - OEP = (Rie 33 


1764 1R= 24P =1764 square chains: the square 
root of which is 42. Hence, if a square be traced on the 
ground, of which the side is 42 chains, it will be the required 
figure. 


PROBLEM II. 


105. To lay out a given quantity of land in a rectangular form, 
when one of the sides of the rectangle is given. 


Rute—Divide the given area, reduced to square chains or 
square rods, by the given side of the required rectangle, and 
the quotient will be the other side. Then, trace the rectangle 
on the ground. 


1. To lay off 240 acres in a rectangular form, one of the 
sides being given, and equal to 80 rods. 


First, 240A = 2400 square chains = 38400 square rods. 


Then, 80)38400(480 rods; which is the required side of the 
rectangle. 


Nore.—A great number of similar problems might be pro- 
‘posed. The solution of them does not, however, properly belong 
to surveying. The laying out of the ground, and tracing of 
lines, after the figure and area have been deterimimed, are the 
only parts which really appertain to a practical treatise. The 
manner 31 tracing lines haying been already explained, it seems 
unnecessary to add the numerous examples often given under 
this head of the subject. 


\ 
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PROBLEM IIT. 


106. To run a line from the vertex of a triangular field which 
shall divide it into two parts, haying to each other the ratio 
of m to n. 


Let ABC be any triangular field. A 
Divide the side BO into two parts, 


such that (Geom., Bk. IV., Prob. I.) : 
A Pies DO Ss mses Zz 


: R cr 
and draw the line AD: 2 
then will, AGH) Ge IAS a2 ie 3 08, 
For, the two triangles ABD, ADC having the same alti- 
tude, are to each other as their bases (Geom., Bk. IV., P. 6, ©.): 
hence, the triangle is divided into parts having the ratio of 


nm to 2. 


PROBLEM IY. 


107. To run a line parallel to one side of a triangular field, that 


shall form with the parts of the two other sides a triangle 


equal to the = part of the field. 


Let CBA represent a triangular field, and CA the side 
parallel to which the dividing line is to be drawn. 


On the side BC describe a 
gemicirele: then divide BC at 
D, so that 


ime es Os etn 0.) Is 


At D, erect the perpendicular c A 
DG to the diameter BO, and draw BG. Then, with Db as a 
centre, and BG as a radius, describe the are of a circle 
cutting BC at HZ. Through Z draw LW parallel to CA, and 
it will divide the triangle in the required ratio. For, (Geom., 
Bk. IV.,-P. 23), 
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BG =BF =BCx BD; or, BE’? = BC? x; ; whenee, 
CEs BOCs BP swe | geese 


But, since the triangles BHF, BCA are similar, 


————) 


Be BOR Bae a BU 
Wherefore, from equality of ratios, 


IHG 2 HOUR 33 Gp) BR AS 


whence, BEF = x BCA. 


Notr 1.—The points # and # may easily be found by 
computation. 


For, since BE” = BG? = BO x BD, anesBp = - x BC, 


Mm 


we have, BE = BCX =o 


or, BE=BCY ™. 
nN 


In like manner, Bis Bar/ te 


ge 
EXAMPLE. 


Let it be required to divide the triangular 
field CAB, in which AC = 9 ch., AB=11 ch, 
and OB = 1 ch., into two such parts that ABH 
shall be one-fourth of the whole field. 


& 
a 
By 


In this case, we have, 
motn=s m7" aViol, C 


hence, AH=4ch.501, and AD =5 ch. 801. 


‘oe ee 
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PROBLEM Y. 


108. To run a line from a given point in the boundary of a piece 
of land, so as to cut off, on either side of the line, a given 
portion of the field. 


Make a complete survey of the field, by the rules already 


- given. Let us take, as an example, the field whose area is 


computed at page 136. That field contains 105 A. 2R. 33L., 


and the following is a plot of it. 


Let it now be required to run a line from station A, in 
such a manner as to cut off, on the left, any part of the field; 
say, 265A 2K 31 P. 

It is seen, by examining the field, that the division lne 
will probably terminate on the course CD. Therefore, draw a 
line from A to C, which we will call the first closing line. 

The bearings and lengths of the courses AB, BC, are 
always known; and in the present example are found in the 
table on page 136: hence, the bearing and distance from C to 
A can be calculated by Art. 101: they are, in this example, 

Bearing, S 9° 28’ E: Course, 23.22 ch. 

Having calculated the bearing and length of the closing 

line, find, by the general method, the area which it cuts off’ 


that area, in the present case, is 
14A OF 26P. 
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It is now evident that the division line must fall on the 
right of the closing line AC, and must cut off an area ACH, 
equal to the difference between that already cut off, and the 
given area: that is, an area equal 

26A 2h 31P given area, 
144A OR 26P area already cut off, 


FOS okt NI DACA ee Od. 


Since the bearing of the next course UD, and the bearing 
of the closing line AC are both known, the angle ACD which 
they form with each other, can be calculated, and is in this 
example,’ 79° 82’. Hence, knowing the hypothenuse AC, and 
the angle ACG at the base, the length AG, the perpendicular 
let fall on the course CD can be found, and is 22.82 chains. 


Since the area of a triangle is equal to its base multiplied 
by half its altitude, it follows, that the base is equal to the 
area divided by half the altitude. Therefore, if the area 


12 A et bP 


be reduced to square chains, and divided by 11.41 chains, which 

is half the perpendicular AG, the quotient, which is 10.95 

chains, will be the base CH. Hence, if we lay off from C, on 

CD, a distance CH, equal to 10.95 chains, and then run the 

line AH, it will cut off, from the land, the required area, yiz., 
26.4 2B Bi P. | 


Norse 1.—If the part cut off by the first closing line 
should exceed the given area, the division line will fall on the 
left of AC. 


Note 2.—If the difference between the given area and the 
first area cut off, divided by half the perpendicular AG, gives 
a quotient larger than the course CD; then, draw’a line from 
A to D, and consider it as the first closing line, and let fall 
a perpendicular on DZ 


~~ =, 
‘%) r 
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Nore 3.—When the point from which the division line is 
to be drawn falls between the extremities of a course, divide 
the course into two parts, at this point. Then consider one 
of the parts as an entire course, and the other as forming a 
new course, having the same bearing. The manner of making 


the calculation will then be the same as before. 


PROBLEM YI. 


109. To cut off from a field, a given area, by a line running in a 
given direction. 


In this case, as in the previous one, a complete and correct 
survey is first necessary. Then, when the whole area is known, 
the position of the line may be approximately determined by 


the inspection of a correct map of the whole. 


We will take, for illustration, Hxample 4, page 138, of which 
the plot is on the next page. 


Let it be required to cut off from this area, 50 acres, by a 
line whose bearing shall be 8 60° H, or N 60° W. 


We will make a trial of a line starting at 25 chains from 
station 6, on the 6th course. We will call this station A, 
and the trial line AB. 


In order to determine if the area cut off is equal to the 
required area, we must first determine the length of AB and 
of BS. These cannot be determined by the method of sup- 
plying lost notes. 


We must first calculate the length of a line, starting at the 
proposed point, and running to the station nearest to the other 
extremity of the closing line. In this example, from A to 5. 
This is easily found to be 36.406 chains,.and its bearing 
N 81° 13’ EH. 
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Now, in the triangle ABS we haye one side and the 
angles, to find the remaining parts. AB is found to be 28.88 


chains and B5 to be 22.81 chains. We have now the ¢om- 
plete field-notes of the area cut off. 


A S 60° HE 28.88 ch. 

B N 288° E 29.31 The area is found 
5 N 57° W 21.10 to be 58.5029 acres. 
6 


S 47° W 20.00 


It now remains to moye this line northerly, so that the 


area contained between. its present position and the new one 
shall be equal to 8.5029 acres. 


A Oe Ne 


SEC. III. | PUBLIC LANDS. 153 


Suppose the lines 46 and B5 be prolonged till they meet 
at some point, as V. 

Calculate 4 Vand BY, also the area Vv 
ABV. AV is found to be 92.19 chains / 
and BV 88.18 chains. The area of 
the triangle ABV, is 127.29 acres. Let 
MN represent the line sought. Then, 
we have two similar triangles, with all 
the sides of the one, and the areas of 
each, known; for, VIZN must contain uM 
8.5029 acres less than AVB. Then, 
AM and BW are easily determined. 4 B 

The complete notes of the area to be cut off, are 


M 2.2 60°) B 27.89 
N..283° E 19.82 
NST W 21.10 
S 47° W 21.87 


oS oe 


Norr.—Fields are so variously shaped that it is difficult 
to give rules that will apply to all cases. It is by practice 
alone that facility is obtained in that branch of surveying 
relating to the division of estates. We have given only a 
few examples that may serve as general guides, in the appli- 
cation of the principles of Plane Geometry, to such cases as 
may arise. ; 


Pustic LANnDs. 


Lid. Soon after the organization of the present govern- 
ment, several of the States ceded to the United States large 
tracts of wild land, and these, together with the lands since 
acquired by treaty and purchase, constitute what is called 
the public lands, or public domain. Previous to the year 
1802, these lands were parcelled out without reference to any 
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general plan, in consequence of which the titles often con- 
flicted with each other, and in many cases, several grants 


covered the same area. 


In the year 1802, the following method of surveying the 
public lands, was adopted by Colonel Jared Mansfield, then 
Surveyor-General of the Northwestern Territory. 


111. The country to be surveyed is first divided, by 
meridians, six miles distant from each other; and then 
again, by a system of east and west lines, also six miles 
from each other. The country is. thus divided into equal 
squares, which are called townships. Hence, each township 
is a square, six miles on a side, and contains thirty-six square 
miles. 


112. For the purpose of illustration, we have obtained 
from the general land-office the accompanying map, which 
represents a considerable portion of the State of Arkansas. 

The principal meridian in this survey is called the 5th 
meridian, and passes through the point of junction of the 
White river with the Mississippi. The principal base-line, 
running east and west, intersects this meridian a little to 
the east of White river; and from the meridian and base- 
line, reckoned from this point of intersection, all the ranges 
of townships are laid off. 

For example, 1 North, will apply to all the townships 
lying in the first row north of the base-line: 1 South, 
will apply to all the townships in the first row south of 
the base-line. Range 1 East, will apply to all the town- 
ships lying in the first row, east of the 5th meridian: and 
Range 1 West, will apply to all lying in the first row to 
the west of it. The small figures designate the rows of 
townships, reckoned north and south from the base-line, 


and the ranges reckoned east and west from the 5th meri- 


(- 


atesville \ | 


B 


Location of Land Office 


‘L Boundary of Land Districts 
o+ Lands offered for Sale 


UM.RISHARDSON . SC NN, 


GO Cfo SeT ANA DT NE 
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dian. Thus, township 1 North, range 4 West, has its exact 
place designated, and may be immediately located, 


113. The principal meridians, and the principal base-lines 
are established by astronomical observation, and the lines of 
subdivision run with the compass. 

For conyenience in making surveys, and for the purpose 
of designating particular localities, a state or large tract, is 
often divided into parts called “Districts.” There are three 
such districts in the map before us, the Lawrence County 
District, the Arkansas District, and the Mississippi District, 
the boundaries of which are designated by the full dark 
lines. 


114. Each township is divided into equal squares, by me- 
ridians one mile apart, and by east and west lines at the 
same distance from each other. Hence, each township is 
divided into 36 square miles, each one of which is called 
a section. The sections of a township are numbered from 
1 to 36, beginning at the northeast angle, and each con- 
tains 640 acres. 


The diagram exhibits the 36 sections of a township. 


To describe a section accurately, we say, section number 
5, in township number 4 north, in range 8d west of a 
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known meridian; the one, for example, drawn through the 
mouth of White river. The description fixes precisely the 
place of the section. Go to the 3d range of townships, west 
of the known meridian, find township number 4 north, in 
this range, and lastly, section number 5 of that township. 
The corners of the sections should be marked by permanent 


corner-posts, or by lines blazed on trees. 


115. The sections are divided into half sections, quarter 
sections, and even into eighths of sections. The following 
table shows the contents of a township, and its subdivisions: 


1 township = 36 sections = 23040 acres. 


1 section = 640 acres. 
$ section = 320 acres. 
+ section = 160 acres. 
4 section = 80 acres. 


VARIATION OF THE NEEDLE. 


116. The angle which the magnetic meridian makes with 
the true meridian, at any place on the surface of the earth, 
is called the variation of the needle at that place. 

The yariation is east, when the northern end of the nee- 
dle, after settling to a state of rest, lies on the east of the 
true meridian; and west, when it lies on the west side of 


that meridian. 


117. The variation is different at different places, and 
even at the same place it does not remain constant for any 
length of time. The variation is ascertained by comparing 


the magnetic with the true meridian. 


118. If we suppose a line to be traced through those 
points, where the needle points directly north and south, such 


a line is called the line of no variation. 
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By referring to a map of the United States, such line 
is easily traced; for, in the year 1870, it passed, very nearly, 
through Raleigh, in the State of North Carolina, Cleveland, 
in the State of Ohio, and crossed the Saut of St. Mary's at 
the lower end of Lake Superior. If a compass, at that tiine, 
had been placed anywhere on this line, the needle would have 
pointed due north and south: hence, this line was then the 
line of no variation. 


At all points on the surface of the earth, the north end 
of the needle inclines toward the line of no variation: hence, 
for all points east of this line, the variation is West; and for 
all points west of it, the variation is Hast. 


Places where the Variation is West. 


+ | Latitude. Longitude} Nearest Place. | Latitude. |Longitude|} Nearest Place. 


0° | 85° 00°] 78° 10’| Raleigh + 41° 380'| 81° 45’ | Cleyeland + 
1° | 36° 00'| 77° 20'| Plymouth + | 40° 30’ | 80° 00’ | Pittsburgh — 
2° | 87° 00’ | 76° 25'| Richmond — | 42° 00'| 80° 10’ | Erie — 

3° | 89° 00'| 76° 40'| Anapolis — 40° 40’ | 78° 00’ | Harrisburgh — 
4° | 40° 00’ | 76° 25’ | Harrisburgh —| 43° 20' | 79° 00’ | Buffalo + 

5° | 40° 00’ | '75° 25’ | Wilmington —} 43° 00' | 78° 00' | Buffalo — 

6° | 40° 00’ | 74° 10’| Trenton — 43° 00’ | 77° 10’ | Oswego + 

7° | 41° 00’ | 74°'00'| New York — | 43° 00’| 76° 00’ | Oswego + 

8° | 41° 20’ | 73° 00’ | New Haven +] 44° 00' | 76° 00’ | Oswego — 


9° | 42° 10’ | 73° 00°} Hartford — 438° 00’ | 74° 00’ | Albany — 
10° | 42° 00’ | 71° 85’ | Providence + | 44° 00’ | '74° 00’ 

11° | 42° 00' | 70° 25’| Boston — 44° 00' | 73° 00’ | Montpelier + 
12° | 44° 00'} 72° 00’| Montpelier + | 45° 40’| 74° 00’ | Montreal + 
13° | 44° 00'| 71° 00'| Portland + 46° 00’ | 78° 80' | Montreal + 
14° | 44° 10'| 70° 00'| Portland — 46° 20' | 738° 00’ 

15° | 44° 20'| 69° 00’| Augusta — 46° 20' | 72° 00’ 

16° | 45° 00’ | 69° 00’ 47° 00' | 72° 00’ | Quebee + 
17° | 45° 00’ | 68° 00’ 47° 00' | 74°00’ | Quebec + 
18° | 45° 00’ | 67° 00’ | St. Andrews 47° 00' | 70° 00’ 


————~“~—! 
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119. The table on the last page, and the one which follows, 
on the next, have been constructed from the magnetic chart 
accempanying the Annual Report of the Coast Survey of 1865, 
and all the magnectic meridians are calculated for the year 
1840. 

On that chart, we find the meridian of no variation. It 
passes through Raleigh, in the state of North Carolina (very 
nearly), and through Cleveland, in the state of Ohio. East 
of it, is marked the magnetic meridian of one degree: that 
is, the magnetic meridian, at ahy point of which, the variation 
is 1 degree west. Two points of this meridian are noted in 
the table: viz., the point whose latitude is 36° north, and 
longitude 77° 20’ west; and also the point whose latitude is 
40° 30’, and longitude 80°. Marking these two points, on a 
map of the United States, the magnetic meridian of one degree 
variation, west, may be drawn. And in a similar manner any 
magnetic meridian (of which two points are indicated by the 


table), may be drawn. 


To aid in the ready selection of any point, indicated in 
the table, the prominent place, nearest to it, is written in 
the adjoining column; and when the place lies east of the 
point (and consequently the point west of the place), the 
sign + is annexed; and the sign —, when the place lies 
west of the point, and the sign +, when the meridian passes’ 
through, or very near the place. Thus, in the meridian of 
1° variation, Plymouth, in North Carolina, is east of the first 
point, and Pittsburgh, west of the second. 
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Places where the Wariation is Hast. 


East. Latitude. | Longitude. Name of Place. Latitude. | Longitude. Name of Place. 


0° 35° 00’ | %S° 10/ | Raleigh 41° 30’ | 81° 45’ | Cleveland 


| 
4° 84° 00’ | 79° 10 | Wilmington + 41° 00’ | 88° 00 | Detroit + 
ee 33° 00/ | 80° 10’ | Charleston + 43° 00 | 84° 30 | Lansing — 
4° 83° 00’ | 86° 30’ | Milledgeville + 40° 00’ | 85° 30’ | Indianapolis — 
6° 31° 00’ | 8%° 00 | Mobile — 42° 00’ | 88° 10 | Chicago + 
Ke 30° 00’ | 89° 20’ | New Orleans — 43° 00’ | 89° 25’ | Madison, In. + 
9° 29° 00’ | 95° 00’ | Galveston + 88° 00’ | 91° 20’ | St. Louis + 


13° 82° Q0/ | 115° 00’ | San Diego — , 86° 00’ | 104° 00’ | Santa Fe — 
16° 87° 15’ | 122° 00’ | San Francisco— | 40° 20/ | 112° 00’ | Salt Lake City — 
Q1° 


Astoria + 


This table is interpreted like the preceding. At San Diego, 
on the Pacific, the variation is 138° 25’ East; at San Francisco, 
it is 16° 30’; and at the mouth of the Columbia river, it is 
21° 10’ Kast. 


METHODS OF ASCERTAINING THE VARIATION. 


120. The best practical method of determining the true 
meridian of a place, is by observing the north star. If this 
star were precisely at the point in which the axis of the 
earth, prolonged, pierces the heavens, then, the intersection of 
the vertical plane passing through it and the place, with the 
surface of the earth, would be the true meridian. But, the 
star being at a distance from the pole, equal to 1° 30’ nearly, 
it performs a revolution about the pole in a circle, the polar 
distance of which is 1° 30’, nearly. 


To the eye of an observer, this star is continually in 
motion, and is due north but twice in 24 hours; and is then 
said to be on the meridian. Now, when it departs from the 
meridian, it apparently moves east or west, for 12 hours, and 
then returns to the meridian again. When at its greatest 
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distance from the meridian, east or west, it is said to be at 


its greatest eastern or western elongation. 


The following tables show the times of its greatest eastern 
and western elongations: 


EASTERN ELONGATIONS. 


Days. April. May. June. July. August. Sept. 
, HM: H. es H. M. H. M. H. M. ibe a8 
A i 18 32 | 16 35 | 14 33 | 12 35 | 10 34) 8 382 


18 _,09-) £611. | 14 09°77'12.12 1-10-10%) 8:09 
138 | 17 45 | 15 47 | 138 46 | 11 48 | 9 47) 7 45 
U9 LT 22") 15-24 bere 22) WT Raa, OB ehs F228 

5 00 | 12 59 | 11 01 | 9 00! 6 58 


Days. October. Noy. Dec. Jan. Feb. March. 


H. M. . . . H. M. H. M. . . 

2 1 18 24 | 16 22 | 14 24] 12 21] 1018] 8 28 
18/01.) 15 59%) 14-00] 11 57 | .9 55°] 8°04 

13 Vi Bi 15 30.) 18 BF AL 83-40.9 Slo sat 

19 Me ASL MG ALSe bd LOS Qe Teale 

20 16 50 | 14 48 | 12 49 | 10 46 | 8 44] 6 53 


The eastern elongations are put down from the first of 
April to the first of October; and the western, from the first 
of October to the first of April: the time is computed from 
12 at noon. The western elongations in the first case, and 
the eastern in the second, occurring in the daytime, cannot 
be used. Some of those put down are also invisible, occurring 
in the evening, before it is dark, or after daylight in the 


morning. In such case, if it be necessary to determine the 
ole 


qe 
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meridian at that particular season of the year, let 6 hours 
be added to, or subtracted from, the time of greatest eastern 
or western elongation, and the observation be made at night, 
when the star is on the meridian. 


AzimuTH ‘TABLE. 


‘ 
_ Lat. 32° | Lat. 84° | Lat. 36° | Lat. 38° Lat. 40° | Lat. 42° | Lat. 44° 
’ Azimuth. | Azimuth. | Azimuth. | Azimuth. | Azimuth. | Azimuth. | Azimuth. 


1870 | 1° 373] 1° 40" | 1° 424'| 1° 454’ | 1° 482"| 1° 514! | 1° 554" 
1871 | 1° 874] 1° 394] 1° 42" | 1° 443’| 1° 473" }1° 51’ | 1° 54g’ 
1872|1° 37" |1° 894’] 1° 413] 1° 444" | 1° 474’ ] 1° 503" | 1° 544’ 
1873 | 1° 364'|1° 383’|1° 414" 1° 44" | 1° 47’ [1° 504"| 1° 532’ 
1874.1 1° 364’| 1° 384"| 1° 403"| 1° 434’ | 1° 464" |1° 493" | 1° 534! 
1875 | 1° 353’]1° 38’ |1° 404’| 1° 432'| 1° 46’ |1° 493'| 1° 53’ 

1876 | 1° 354"|1° 872’| 1° 40’ | 1° 498") 1° 453’]1° 49’ | 1° say’ 
1977 1° 35’. (4° B74’ | 1° 393" |1° 401"| 1° 451" 19° 487" | 1° Bo! 

1878|.1° 343’ |.1° 37’ | 1° 392"| 1° 49’ | 1° 449" ]1° 48’ |9° 512! 
1879 | 1° 344’ | 1° 364'| 1° 39" | 1° 414'| 1° 444" 1° 473" | 1° 512’ 
1880] 1° 34’ |1° 36" | 1° 384"| 1° 41" | 4° 44" | 1° a7z"| 1° 508" 


YUARS. 


The above table exhibits the angle which the meridian 
plane makes with the vertical plane passing throvgh the pole- 
star, when at its greatest eastern or western elongation; such 
angle is called the azimuth. The mean angle only is put 
down, being calculated for the first of July of each year. The 
use of the above tables in finding the true meridian will soon 
appear. 


To FIND THE TRUE MERIDIAN WITH THE THEODOLITR. 


121. Take a board, of about one foot square, paste white 
paper upon it, and perforate it through the centre; the diam- 
eter of the hole being somewhat larger than the diameter of 
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the telescope of the theodolite. Let this board be so fixed to a 
vertical staff, as to slide up and down freely: and let a small 
piece of board, about three inches square, be nailed to the 
lower edge of it, for the purpose of holding a candle. 

About twenty-five minutes before the time of the greatest 
eastern or western elongation of the pole-star, as shown by the 
tables of elongations, let the theodolite be placed at a conyen- 
ient point and levelled. Let the board be placed about one 
foot in front of the theodolite, a lamp or candle placed on the 
shelf at its lower edge; and Jet the board be slipped up or 
down, until the pole-star can be seen through the hole. The 
light, reflected from the paper, will show the cross-hairs in the 
telescope of the theodolite. 

Then, let the vertical spider’s line be brought exactly upon 
the pole-star, and, if it is an eastern elongation that is to be 
observed, and if the star has not yet reached the most east- 
erly point, it will move from the line toward the east, and the 
reverse when the elongation is west. 

At the time the star attains its greatest elongation, it will 
appear to coincide with the vertical spider’s line for some 
time, and then leave it, in the direction contrary to its former 
motion. 

As the star moves toward the point of greatest elongation, 
the telescope must be continually directed to it, by means of 
the tangent-screw of the vernier plate; and when the star has 
attained its greatest elongation, great care should be taken that 
the instrument be not afterward moved. 

Now, if it be not convenient to leave the instrument in 
its place until daylight, let a staff, with a candle or small 
lamp upon its upper extremity, be arranged at thirty or forty 
yards from the theodolite, and in the same vertical plane with 
the axis of the telescope. This is easily effected, by revolving 
the vertical limb about its horizontal axis, without moving 
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the vernier plate, and aligning the staff to coincide with the 
’ vertical hair. Then mark the point directly under the theodo- 
lite; the line passing through this point and the staff, makes 
ar angle with the true meridian equal to the azimuth of the 
pole-star. ) 

Froin the table of azimuths, take the azimuth correspond- 
ing to the year and nearest latitude. If the observed elonga- 
{ion was east, the true meridian lies on the west of the line 
which has been found, and makes with such line an angle 
equal to the azimuth. If the elongation was west, the true 
meridian lies on the east of the line found: and, in either 
case, laying off the azimuth angle with the theodolite, gives 
the true meridian. 


To FIND THE TRUE MERMIAN WITH THE COMPASS. 


122. 1. Drive two posts firmly into the ground, in a line 
nearly east and west; the uppermost ends, after the posts are 
driven, being about three feet above the surface, and the posts 
about four feet apart: then lay a plank, or piece of timber 
three or four inches in width, and smooth on the upper side, 
upon the posts, and let it be pinned or nailed, to hold it firmly. 


2. Prepare a piece of board four or five inches square, and 
smooth on the under side. Let one of the compass-sights be 
placed at right angles to the upper surface of the board, and 
I2t a nail be driven through the board, so that it can be 
tacked to the timber resting on the posts. 


3 At about twelve feet from the stakes, and in the direc- 
tion of the pole-star, let a plumb be suspended from the top 
of an inclined stake or pole. The top of the pole should be 
of such a height that the pole-star will appear about six 
inches below it; and the plumb should be swnng in a vessel of 
water to prevent it from vibrating. 
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This being done, about twenty minutes before the time of 
elongation, place the board, to which the compass-sight is 
fastened, on the horizontal plank, and slide it east or west, 
until the aperture of the compass-sight, the plumb-line, and 
the star, are brought into the same range. Then if the star 
depart from the plumb-line, move the compass-sight, east or 
west, along the timber, as the case may be, until the star shall 
attain its greatest elongation, when it will continue behind 
the plumb-line for several minutes; and will then recede from 
it in the direction contrary to its motion before it became 
stationary. Let the compass-sight be now fastened to the hor- 
izontal plank. During this observation it will be necessary to 
have the plumb-line lighted: this may be done by an assistant 


holding a candle near it. 


Let now a staff, with a candle or lamp upon it, be placed 
at a distance of thirty or forty yards from the plumb-line, and 
in the same direction with it and the compass-sight. The 
line so determined, makes, with the true meridian, an angle 
equal to the azimuth of the pole-star; and, from this line, the 
variation of the needle is readily determined, even without tra- 
cing the true meridian on the ground. 

Place the compass upon this line, turn the sights in the 
direction of it, and note the angle shown by the needle. Now, 
if the elongation, at the time of observation, was west, and the 
north end of the needle is on the west side of the line, the 
azimuth, plus the angle shown by the needle, is the true varia. 
tion. But should the north end of the needle be found on thie 
east side of the line, the elongation being west, the difference 
between the azimuth and the angle would show the variation: 


and the reverse when the elongation is east. 


Note—The variation of the needle should always be noted 


on every survey made with the compass, and then if the land 
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be surveyed at a future time, the old lines can always be 


re-run. 


123. It has been found, by observation, that heat and cold 
sensibly affect the magnetic needle, and that the same needle 
will, at the same place, indicate different lines at different hours 
of the day. 

If the magnetic meridian be observed early in the morning, 
and again at different hours of the day, it will be found that 
the needle will continue to recede from the meridian as the day 
udvances, until about the time of the highest temperature, when 
it will begin to return, and at evening will make the same line 
usin the morning. This change is called the diwrnal variation, 
and varies, sometimes, during the summer season, from one-fifth 
to one-fourth of a degree. 


124. A very near approximation to a true meridian, and con- 
sequently to tne variation, may be had, by remembering that 
the pole-star very nearly reaches the true meridian, when it is 
in the same vertical plane with the star Alioth in the tail of 
the Great Bear, which lies nearest the four stars forming 
the quadrilateral. 

The vertical position can be ascertained * 
by means of a plumb-line. To see the 
spider’s lines in the field of the telescope, 
at the same time with the star, a faint 
light should be placed near the object-glass. 
When the plumb-line, the star Alioth, and 
the north star, fall on the vertical spider’s 
line, the horizontal limb is firmly clamped, 
and the telescope brought down to the * 
horizon; a light, seen through a small aper- 


ture in a board, and held at some distance 


ms 


on cag 7 
0 


by an assistant, is then moved according to signals, until it is 
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covered by the intersection’ of the spider’s lines. A picket 
driven into the ground, under the light, serves to mark the 
meridian line for reference by day, when the angle formed by it 
and the magnetic meridian may be measured. 


SECTION IY. 
TRIANGULATION. 


125. When a large extent of territory, or a long line of 
sea-coast is to be surveyed, it becomes necessary to consider 
the curvature of the earth’s surface; this branch of surveying 


is called Geodesic surveying. 


126. The operations necessary to the successful execution 
of a Geodesic Survey, require the minutest attention, and when ~ 
performed, numerous corrections are to be applied to the meas- 
ured lines and angles, on account of the various causes of error 
incident to such operations. 

To investigate those causes of error, and to deduce rules for 
correcting the errors, in all cases, would far exceed the limits 
of an elementary treatise. We shall, therefore, attempt nothing 
more than a brief outline of the operations in a trigonometrical 
survey, in which the Plane-Table and Compass are used in con- 
nection with the Theodolite, and in which, the curvature of the 
earth is not considered. We shall then explain the methods 
of mapping, or plotting, such a survey. The example will be 
limited to the survey of the harbor, delineated in plate 6, 


127. After haying made a preliminary examination, or re- 
connaissance of the territory to be surveyed, suitable stations 
are selected at the most prominent pvints. and these points are 


* marked by staves or signals. 
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A base-line is then measured. The length of the base will, 
in general, depend upon the magnitude of the survey, and each 
extremity is marked by a signal. 

The next step is the triangulation. At each extremity of the 
base, the angles between the base, and the lines drawn to each 
of the visible signals, are carefully measured by means of a 
theodolite. The sides of the triangles, thus obtained, serve as 
new bases upon which other triangles may be formed, and so on, 


until the entire area is covered by a net-work of triangles. 


This system of triangles is called the primary system, and 
the operation of forming them is called the primary triangula- 
tion. Within the primary triangles, and depending upon them, 
a system of smaller triangles is formed in the same manner, 
called the secondary system; and if the extent or importance 
of the work should demand it, the secondary may be sub- 


divided into tertiary triangles. 


Having completed the triangulation, the characteristics of 
the surface, such as roads, streams, villages, boundaries, &c., 
are filled in by’means of the compass, plane-table, or some of 
the methods already explained. 


128. Before commencing a trigonometrical survey, an ex- 
amination of the entire territory should be made, for the pur- 
pose of selecting a location for the base-line, and proper points 
for stations; this examination should be more or less elaborate, 
according to the nature and extent of the survey. 


The proper distribution and combination of the triangles, 
so as to adapt them to the survey in hand, require great judg- 
ment and care, and but few rules can be given for the selection 
of trigonometrical points. Those points should, in general, be 
chosen in such a manner, that they may he distinctly visible 
from each other, and so that the triangles formed, by uniting 


them, may be, as nearly as possible, equilateral. 
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It is easily seen, that a triangle which has an obtuse on a 
very acute angle, will experience a greater change of form, for a 
given error, than one which is nearly equilateral; and since the 
accuracy of each triangle depends upon the preceding ones, it is 
further evident, that the introduction of a single ill-conditioned 
triangle, might vitiate the whole survey. Except in extreme 
eases, no angle, less than 30°, should be used; and even angles 
of 30° should not be admitted when the locality can be so chosen 
as to prevent it. The base is usually much shorter than the 
sides of the primary triangles; these sides, however, should be 


increased as rapidly as is consistent with the above remarks. 


129. The stations are marked by signals, which may be con- 
structed in a great variety of ways, depending upon the locality 
of the stations, and the lengths of the sides of the triangles. 

Sometimes a signal has to be raised above the level of the 
adjacent country, in which case it is constructed of timbers, 
and upon the apex, is placed a vertical staff, bearing a flag. 
The exact trigonometrical point is determined by a plumb-line, 
suspended from the apex of the signal. 


A temporary signal may be constructed with 
three or four pieces of scantling framed and traced, 
as shown in the annexed figure, with a short pole 
projecting from the apex. The plumb determines 
the point B, which is the exact trigonometrical 
point over which the theodolite is to be placed. 
Where the sides of the triangles are not very great, 
a pole, planted vertically, and surmounted by a = 


flag, will answer as a signal. 

In order to distinguish the different signals, the flags which 
they bear, should be different from each other. They may be 
formed by arranging stripes of white and red, according to 
some prearranged plan, and the flags of the different stations 
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should be entered in a book. For the purpose of future reference, 
the trigonometrical point, at each station, as B, should be indi- 
cated by a permanent mark. If the point falls upon a rock, a 
hole may be drilled to show the locality; or if not, a mark-stone 
may be sunk under the point, deep enough to be beyond the 
reach of accident. A record of the monument should be pre- 
served, together with its reference to some of the permanent 
objects in the neighborhood. 


130. The measurement of a base-line on which the accuracy 
of the entire survey depends, is one of the most difficult opera- 
tions of surveying, and one, for the successful accomplishment 
of which, art and science have been strongly taxed. The selec- 
tion of a proper site for a base-line, forms one of the first objects 
of the preliminary reconnaissance. It should, if possible, be 
fixed on an open plain. It must be so chosen, that the sur- 
rounding signals may be distinctly seen from its extreme points; 
and hence, those signals which mark points of the adjacent 
triangulation, should be selected with reference to the base. 
The length of the dase, should, in a measure, depend upon the 
magnitude of the survey. 


THEODOLITE. 


131. The theodolite is generally used for measuring the 
angles of a trigonometric survey. The extent of the survey, 
and the standard of accuracy to which the results are required 
{o conform, must determine the size and perfection of the in- 
strument to be employed. The angles of the primary triangles 
of the United States Coast Survey are measured with theodo- 
lites, whose horizontal circles are 24 or 80 inches in diameter ; 
and to eliminate, as much as possible, every source of error, 
great numbers of observations are made at each station, the 


readings being made on different points of the are by different 
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yerniers. Usually from 40 to 60 observations are made for 
each angle—one measurement, with the telescope direct, and 
one with it reverted, constituting a complete observation. With 
these precautions, it has been found that the error in a primary 
triangle (where the sum of its three angles has been compared 
with 180°), has fallen much within 3 seconds. The error of 
3 seconds has been adopted as the highest admissible limit 


of error. 


132. To illustrate the manner of carrying on a minor 
triangulation, let us refer to the plan of the harbor [plate 6], 
in which AB is the measured base, 1140 yards; C,D, #, &c., 
triangulation points, at which signals have been erected. Com- 
mence the triangulation at A, the west end. of the base; and 
for convenience in plotting, it would be well to make the 
line, passing through the 0 point and 180° parallel, in each 
position of the instrument,-to the base AB. Having brought 
the 0 of the vernier to the 0 of the limb, clamp the vernier 
plate, and direct the upper telescope to the signal at B, and 
clamp the limb. Enter the observations as in the following 
table : 


OBSERVATIONS AT STATION A. 


Name of Station. Vernier I. Vernier II, Mean. 


Station B 00° 00’ 00” 00’ 00” 00° 00’ 00” 
Station E H2° 24! BH" Oy! 5 Be 12°. 25' 00% 
Station G@ | 188° 34' 56” BD Atel 387435! 001, 
&e. &e. 


Having recorded the reading of the first vernier, and the 
minutes and seconds of the second vernier, unclamp the vernier 
plate, and direct the telescope to the station at #, and record 
* both yerniers, as before. Again unclamp the vernier plate, 


172 ELEMENTS OF SURVEYING. [BOOK II. 


and direct the telescope on the signal at G; and then read 
and record, as before. 

Having determined the angles subtended by all the signals 
visible from A, let the theodolite be removed to &. Bring 
the 0 of the vernier one, 0 180° on the limb, and direct 
the telescope on the signal at A—the line (0°, 180°) will then 
be parallel to its first position, and the limb may be clamped. 
Read, now, the angles to the signals at A, Z, C, &., and record 
as before. 


If the theodolite is now removed to the station &, the line 
(0°, 180), may be made parallel to its first position, by adding 
180° to the reading of the first vernier, from A to Z, and 
then directing the telescope on the signal at A. The line 
(0°, 180°), will thus be made parallel to AB, and the readings 
may be made and recorded as before; and so on until all the 
stations have been visited, and the angles measured. From 
the field records, the angles BAH, HAG, ABE, EBG, &c., may 
be easily deduced, the whole may be plotted on paper, or the 
several sides may be computed trigonometrically. It may be 
observed that the line (0°, 180°), has been made parallel to 
the base-line at each station. 


133. To illustrate this principle of repetition, suppose the 0 
of the vernier to coincide with the 0 of the limb, and the tele- 
scope to be directed, from the station A, upon one of the objects, 
as the signal at B. Clamp the limb, and unclamping the yernier 
plate, direct the telescope on the second object, as the signal 
at #. If we now clamp the vernier plate, and unclamping the 
limb, direct the telescope on the signal at B, the line (0°, 180°), 
of the limb, will make with AB, an angle equal to BAZ. 
Again clamp the limb, and unclamping the vernier plate, direct 
the telescope on the signal at #. The reading will evidently be 
equal to twice the angle BAH; and if we repeat the operation, 
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the reading will be three times the angle, and so on. After 
ten repetitions, if we add 360° each time the 0 of the vernier 
passes the 0 of the limb, the final reading will be ten times the 
angle BAZ, affected with the joint errors of the ten observations, 
and one-tenth of this will be the reading required, to a greater 
degree of accuracy than could probably be attained by a single 
cbservation. 


134. The method of reading angles, by this mode, is as 
follows: 


Angles at station A, between signals B (left), and # (right). 
June 8th, 1870. 


No. of Repe- 


es Vernier I. Vernier II. | Mean of Verniers. 
titions, 


1 Te 24°55" | 25. Be | 72° 25’ 00" 
2 144° 49’ 55" | 50’ 0” | 144° 49’ 58” 
3 CLP ae DO ATS OE 2015" 00! 
4 289° 39’ 50’ } 40’ 00’ | 289° 39’ 55” 


4)289° 39’ 55” 


Mean reading} 72° 24’ 59” 


Having measured the necessary angles, the parts of all the 
‘triangles, formed by joining the stations, three and three, may 
be readily calculated by methods heretofore explained. 


FILLING UP THE SURVEY. 

135. After the triangulation is completed, the interior may 
be filled up by the aid of the Compass, or the plane-table, or 
both.’ 

Usr OF THE COMPASS. 

136. The use of the Compass, in determining points and 

lines, by means of offsets, has been already explained (Bk. II., 
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Art. 83). We will apply these principles, in the example 
before us. 

Place the compass at A (plate 6), and take the bearing of 
the line AZ, which is § 12° W 


Enter this bearing at A. Then measure along the line AZ 
any distance, as Aa equal to 130 yards, and make an offset to 
the lake, which we measure and find to be 50 yards. Enter 
the 130 in the middle column, and as the lake lies on the right 
(in going from A to #), we insert the 50 in the right-hand 
column 

We then measure along the line AF to 0, 350 yards from A. 
Here we make a second offset to the lake, and find it to be equai 
to 100 yards. Having entered the distances in the notes, we 
measure to g, the point where the line AH crosses the creek, 
and we enter the distance from A, 415 yards. 

At d, we lay off an offset on the left, to the pond, 70 yards; 
at e, an offset to the mouth of the creek, 150 yards; and at £Z, 
where the course terminates, an, offset to the lake, of 160 vards. 
The entire distance from A to Z is 800 yards. 
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At #, we take the bearing to H, which is N 50° KE. Having 
measured along this line to f, 315 yards, we make an offset to 
the pond, on the left, of 50 yards, and to the shore, on the right, 
of 90 yards. Waving entered these distances, we recommmence 
tke notes at 315, below, which we suppose to be at the bottom 
of the second page. Having reached H, the extremity of the 
course, we enter the entire distance from ZL, 680 yards. We 
next take the bearing to J, 8 52° E. We then measure the dis- 
tances to m, n, p, and J, and enter them, together with the 
offsets, as in the notes. 

It is also well to make, in the columns on the right and left, 
such sketches of the ground, fields, houses, creeks, and rivers, 
as will afford the means of making an accurate delineation on 


paper. 
THE PLANE-TABLE. 


137. The plane-table (Pl. 3, Fig. 1) consists of two parts: 
a rectangular board CDBA, and a tripod HHG', to which it 
is firmly secured. 

Directly under the rectangular board are four milled screws 
which pass through sockets inserted in a horizontal brass plate: 
- these screws are worked against a second horizontal plate, for 
the purpose of levelling the table; the table having a ball-and- 
socket motion, similar to the limb of the theodolite. 

For the purpose of levelling the table, a small detached 
spirit-level is used. This leyel being placed over the centre, 
and also over two of the levelling screws, the screws are 
turned contrary ways until the level is horizontal; after which, 
it is placed over the other two screws, and made horizontal in 
the same manner. 

Between the upper horizontal plate and the table, there is 
a clamp-screw, similar to the clamp-screw of the theodolite, 
which being loosened, the table can be ‘turned freely about 
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its axis. There is, also, a small tangent-screw, by which the 
smaller motions of the table are regulated, after the clamp- 
screw is made fast. Neither of these screws can be seen in 
the figure. 

The upper side of the table is bordered by four brass 
plates, about one inch in width, and the centre of the table 
is marked by a small pin, / About this centre, and tangent 
to the sides of the table, conceive a circle to be described. 
Suppose the circumference of the circle to be divided into | 
degrees and parts of a degree, and radii to be drawn through 
the centre and the points of division. The points in which 
these radii intersect the outer edge of the brass border, are 
marked by lines on the brass plates, and the degrees are 
numbered in the direction from left to right, from the point 
LI to the point J, 180°, and from the point J to the point JZ, 
180°. In some plane-tables, however, they are numbered from 
0 to 360°. 

There are, generally, diagonal scales of equal parts cut on 
the plates DLC and AJB, the use of which will be explained 
hereafter. 

Near the two other edges of the table, two small grooves 
are made, into which the plates of brass DB and CA are fitted, 
and these plates are drawn to their places by means of milled 
screws, which pass through the table from the under side, 
and screw firmly into the, plates. The heads of two of the 
screws, @ and S, are seen in the figure, as also one of the 
plates and its two screws in Fig. 3. The object of these plates 
is to confine a sheet of paper on the table. By loosening the 
screws, and pressing them upward, the plates are raised above 
the surface of the table; the edges of the paper can then be 
placed under them: then, by turning the screws back again, 
the plates are drawn down and the paper held tightly. Fig. 1 
represents the table with the paper partly put upon it: one 
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edge of the paper has been placed under the plate DB, and 
the screws S and Q tightened. The paper, before being put 
on, should be moistened, in order to expand it; and then, 
after it has been dried, it will fit closely to the table. 

A ruler, AB (Fig. 2), with open vertical sights, is used with 
the plane-table. This ruler has a fiducial edge, which is in the 
same vertical plane with the hairs of the sights. A raler with 
a telescope, and a vertical limb, similar to the vertical limb of 
the theodolite, is sometimes used with the plane-table. A com- 
pass, also, is often attached to the table, to show the bearings 


of the lines. 
USES OF THE PLANE-TABLE. 


138. The plane-table is used for two distinct objects. 
1st. For the measurement of horizontal angles: and, 
2dly. For the determination of the shorter lines of a survey, 


both in extent and position. 


TO MEASURE A HoRIZONTAL ANGLE. 


139. Place, by means of a plumb, the centre of the table 
directly over the angular point: then level the table; after 
which, place the fiducial edge of the ruler against the small 
pin at the centre: direct the sights to one of the objects, and 
note the degrees’on the brass plate; then turn the ruler and 
sights to the other object, and note the degrees as before. If 
the ruler has not passed over the 0 point, the difference of the 
readings is the angle sought; but, if it has, take the larger 
sum from 180°, and to the remainder add the smaller, their 


sum is the required angle. 


TO DETERMINE LINES IN EXTENT AND POSITION. 


140. Having placed a paper on the table, examine the 


objects and lines which are to be determined, and select, for a 


12 
‘ 


178 ELEMENTS OF SURVEYING. [BOOK IL 


base, such a line of the triangulation that most of the objects 
can be seen from its extremities. Then place the plane-table, 
with its centre, nearly, though not accurately, over one ex- 
tremity of the base; make it truly horizontal, and turn it until 
the larger part of the paper lies on the same side of the base, 
with the objects. 

Then, tighten the clamp-screw, and mark with a pointed 
pin the point of the paper directly over the station, which point 
is determined most accurately by suspending a plumb from 
the lower side of the table. Press the pin firmly on this 
point, bring the fiducial edge of the ruler against it, and sight 
to the other extremity of the base-line, and mark, with the pin 
or pencil, the direction of the line on the paper. Sight, in 
like manner, to every other object, and draw on the paper 
the corresponding lines, numbering them from the base-line, 
ee 4G 

Then, with a pair of dividers, take from the scale a certain 
number of equal parts, to represent the base, and lay off the 
distance on the base-line from the place of the pin. Take up 
the table, carry it to the other extremity of the base, and 
place the point of the paper corresponding to that extremity, 
directly over it. Place the fiducial edge of the ruler on the 
base-line, and turn the table, by means of the tangent-screw, 
until the sights are directed to the first station. If, however, 
in bringing the table to this position, the corresponding point 
of the paper has been moved from over the extremity of the 
has»-line, move the legs of the tripod until it is brought 
hack to its place. Let the table be then levelled, after which, 
place the ruler again on the base-line, and bring the table 
to its proper position, by the tangent-screw, and continue the 
adjustment until the extremity of the base-line, on the paper, 
is directly over the station, and in the same vertical plane 
with the base-line, on ‘the ground. Then direct the sights to 
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all the objects sighted to, from the other station, and mark 
the lines 1, 2, 3, 4, &e, from the base-line, as before. The 
intersections of the corresponding lines 1,1, 2,2, 3,3, 4,4, &e., 
determine, on the paper, the positions of the several objects, 
and a reference of these lines to the scale of equal parts, 
determines the true distances. 


141. Let it be required, for 
example, to dete1mine, by means 
of the plane-table, the relative 
nositions of several houses. 

From station A, and on one 


of the lines of the triangulation, 


as AB, measure the base-line 
AWN, which we will suppose equal to 300 yards. Place the 
plane-table at A, and sight to the corners of the houses, and 
mark the lines 1, 2, 3, 4, &c. Then remove the table to JN, 
and sight to the same corners as before, and draw the lines 
as in the figure. The points at which they intersect the cor- 
responding lines, before drawn, determine the corners of the 
houses. The front lines of the houses may then be drawn on 
the paper. Draw lines at right angles to the front lines, and 
on them lay off the depths of the houses, with the same scale 
as that used for the base-line. 

To find the length of any line drawn on the paper, as the 
line 1, drawn through A, for example, place the dividers at A 
and extend them to the other extremity of the line, and then 
ayply the line to the scale. The length of the line 1 is equal to 
198 yards. . 


142. In this example, we de- 
termine from the base-line CD, 
the positions of the points F; 
#, and i, 
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CHANGING ‘THE PAPER. 


143. When one paper is filled, and there is yet more work 
te be done, let the paper be removed, and a second paper put 
on the table; after which, the table may be used as before. 

Now, in order that the two papers may be put together and 
form one entire plan, it is necessary that two points, determined 
on the first paper, be also determined on the second; and then, 
by placing the lines joining these points, one on the other, all 
the lines on the two papers will have the same relative position 
as the corresponding lines on the ground; and the same for as 
many papers as it may be necessary to use. If different scales 
are used, the corresponding points will not join, and then the 
work must be reduced to the same scale, before the papers can 
be put together. 

In the first example, the position of the point / was deter- 
mined, in order to unite the first paper with the second. 

In the second example, we sighted from C and D, the ex- 
tremities of the base-line, to the points NM and /, determined 
on the first paper; we thus determined the line NF’ on the 
second paper. Placing the line N/' of the one paper on WF of 
the other, we have the following plan. 


In this plan, all the points and lines are accurately laid 


down. Any number of papers may be joined in a similar 
manner. 
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144. The principal use of the plane-table is for the interior 
filling up of trigonometrical surveys; it is also used with advan- 
tage, when only a plot of a field is wanted. 

It ought not be used for the determination of long lines, nor 
can it be relied on for determining extended areas. 


PLOTTING THE TRIANGULATION. 


145. The sides of the triangles having been completed, the 
work may then be plotted, as already explained, either by means 
of the circular protractor, or by the method of chords. 


THE CIRCULAR PROTRACTOR. 


146. This instrument consists of a brass circular limb (PI. 2, 
Fig. 4), of about six inches in diameter, with a movable index 
AB, having a vernier at one extremity A, and a milled screw 
at the other extremity 6, with a concealed cog-wheel that works 
with the cogs of the limb, and thus moves the index AB about 
the centre of the protractor. At the centre of the protractor 
is a small circular glass plate, on which two lines are cut; the 
point of their intersection is the exact centre of the instru- 
ment. The limb is generally divided to half-degrees; the de- 
grees are numbered from 0 to 360. 

At the 0 point, and at the opposite extremities of. the 
diameter passing through that point, are small lines on the 
inner edge of the limb; the two extremities of the diameter, 
perpendicular to this latter, are designated in the same way. 

Two angular pieces of brass, each having a small and 
sharp steel pin at its extremity, are fastened to the index, and 
revolve freely around the lines a and cd. The small screws, 
a, b, c, and d, move them in the directions of the lines ad, ed, 
for the purpose of bringing the steel pins exactly into the line 
which passes through the 0 of the index and the centre of 


* the protractor. 
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To adjust them to their places, place the centre of the pro- 
tractor over a marked point, and the 0 of the index to the 0 
of the limb. Then mark the place of the index by the pins; 
after which, turn the index 180°, and see if the pins will mark 
the same points as before. If they do, the index is adjusted ; 
if they do not, correct the error with the screws a, 0, c, and d. 


To LAY OFF AN ANGLE WITH THE PROTRACTOR. 


147. Let its centre be placed over the angular point, and 
the diameter passing through 0 and 180°, on the given line. 
Turn the screw that works the index, until the 0 of the yernier 
coincides with the division corresponding to the given angle; 
then let the angular brass pieces be turned down; the points 
dotted by the steel pins will show the direction of the required 
line. 

If this line does not pass through the angular point, the 
pins are out of place, and must be re-adjusted. 


First Metruop or PLorrine. 


148. Suppose it were required to make the plot of the 
harbor on a scale of 450 yards to an inch. 

Divide the length of the base-line AB, which is equal to 
1140 yards, by 450, and the quotient 2.53 will express the 
length which is to represent the base-line on the paper (Bk. I., 
Art. 39). 

Draw an indefinite line AB, to represent the base; and 
having chosen any point, as A, for the first station, lay off 2.53 
inches to B. The other extremity of the base-line will thus be 
determined. 

Then, place the circular protractor at A, and lay off the 
angle BAH, and then the angle HAG. Next, place the pro- 
tractor at B, and lay off the angles ABH and HBC. The 
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intersection of the lines 4# and BH will determine the station 
#. Let the protractor be then placed at this point, and all 
the angles of station # laid down. 


The point G, where HG intersects AG, and the point G 
where HC intersects BC, will then be found. 

By placing the protractor at C and G, we can determine 
the points D and F, when the place, on the paper, of all the 
stations will be known. 


To unite the work done with the compass, spread the com- 
pass-notes before you, and draw through A a line to represent 
the meridian. The course Af lies to the west of this meridian, 


and makes an angle of 12° with it. 


Then, lay off from the scale the distances Aa, Ab, Ag, Ac, 
Ad, Ae, and at the several points erect perpendiculars to AZ. 
Lay off, on these perpendiculars, the lengths of the offsets, 
and the curve traced through the points so determined, will 
be the margin of the lake. 

At #, draw a parallel to the meridian through A, and lay 
down the course WH, which is easterly, and makes an angle 
of 50° with the meridian. Then, lay down the several distances 
to the offsets, and draw the offsets and lay off their lengths. 
Do the same for the course HJ, and all the compass-work will 
be plotted. 

The work done with the plane-table is united to the work 
done with the theodolite, by simply reducing it to the same 
scale, and then placing the line AN on the paper of the 
plane-table, upon the line AW, drawn on the plot of the 


triangulation. 
SreconD MetHop oF PLOTTING. 


149. Place the centre of the protractor near the centre of 
» the paper, and draw a line through the points 0 and 180°. This 


184 ELEMENTS OF SURVEYING. [BOOK IL 


line will have the same position with the circular protractor 
that the base-line AB had with the limb of the theodolite. 


Then lay off, from the 0 point, an arc equal to the direction 
from A to #, also an are equal to the direction AG, and 
through the centre point, and the points so determined, draw 
lines. Lay off in succession, in a similar manner, the directions 
taken at all the stations; and through the centre point, and 
the points so determined, draw lines, and designate each by the™ 
letters of the direction to which it corresponds. 


Now, since all the lines drawn on the paper have the same 
yosition with the circular protractor, as the corresponding lines 
on the ground have with the limb of the theodolite, it follows 
that each direction will be parallel to its corresponding line 
upon the ground. 

Hence, any line may be drawn parallel to that passing 
through 0 and 180°, to represent the base-lme AB. Having 
drawn such a line, and marked a point for the station A, lay 
off the length of the base, and the extremity will be the 
station DB, 


Through A and B, so determined, draw parallels respectively 
to the lines corresponding to the directions A# and B#, and 
the point of intersection will determine station #. Through 
& and #, draw parallels to the lines which correspond to the 
directions LC, CH, and their point of intersection will deter- 
mine station C. Through C and #, draw lines parallel to the 
lines corresponding to the directions CH and ED, and the 
point of intersection will determine D. In a similar manner 
we may determine the stations # and G. 


MertHop or CHoRrDs. 


150. The chord of a given arc is equal to the sine of half 
the are with double the radius. 
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For, let DAF be any given angle, 
and AZ a line bisecting it. Let DC 
be the chord of the are OD, described 
with a given radius, and HF’ parallel 
to CD, the sine of half the given 
angle, to a radius AF = 2AC. 


Since A/’= 2A0, we have, from similar triangles, HY = 
2KC; but DC = 2KC, hence HY = CD. 


To LAY OFF AN ANGLE. 


151. To avoid, as far as possible, the use of fractions, let 
us suppose the radius of the table of natural sines to be 1 ten, 
or 10 inches. 

Take, from a scale, 5 equal parts, 
with which, as a radius, from the 


centre A, describe an arc CD. Take 


from the table the natural sine of 


A 
half the arc, and remove the decimal - 


point one place to the right; the result will express the sine 
of half the arc to the radius 10, or the chord of the arc to the 
radius 5.. From the same scale, take this sine in the dividers, 
and from C, as a centre, describe an arc cutting CD in D; 
draw AD, and CAD will be the angle required. 

This is the most accurate of all the methods of laying off 
an angle, and it may also be applied advantageously to the 
second method of plotting, thus: 

Draw a fine straight line, generally in 90° 
the direction of the meridian or of the 
base-line of the survey; and also a line 
perpendicular to it. From the point of 
intersection, as a centre, with a radius 
of 5 equal parts of the scale, describe the 
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circumferenc2 of a circle cutting the straight lines in the points 
marked 0 and 90°. 

To lay off an angle, as, for instance, the angle 14° 29’. 
Ihe half of it is 7° 14’ 30”, the natural sine of which is 0.126005, 
or 1.26 to the radius of 10 inches. Set off from 0 to 0, as in 
the figure, this distance taken from the scale, and through the 
two points 0, 6, thus determined, draw a straight line. This 
line should pass through the centre, and will make with the 
line (0, 0) the angle 14° 29’; and any line on the paper drawn 
parallel to it, will make with the line (0,0) the same angle. 
The further application is obvious. 


MARITIME SURVEYING. 


152. When, in connection with a trigonometrical survey on 
shore, a harbor is to be surveyed, as in the example, for the 
purpose of ascertaining the channels, their depth and width, 
the positions of shuals, and the depth of water thereon, other 
means must be used, and other examinations made, in addition 
to those already described. 

Let buoys be anchored on the principal shoals and along 
the edges of the channel; and using any one of the lines 
already determined as a base, let the angles subtended by lines 
drawn from its extremities, to the buoys respectively, be meas- 
ured with the theodolite. Then, there will be known, in each 
triangle, the base and angles at the base, from which the dis- 
tances to the buoys are easily found; and hence, their positions 
become known. 

Having made the soundings, and ascertained the exact 
depth of the water at each of the buoys, several points of the 
harbor are established, at which the precise depth of the water 
is known; and by increasing the number of the buoys, the 
depth of the water can be found” at as many points as may 
be deemed necessary. 
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153. If a person with a theodolite, or with any other instru- 
ment adapted to the measurement of horizontal angles, be sta- 
tioned at each extremity of the base-line, it will not be neces- 
sary to establish buoys. <A boat, provided with an anchor, a 
sounding-line, and a signal-flag, has only to throw the anchor, 
hoist the signal-flag, and make the sounding, while the persons 
at the extremities of the base-line measure the angles. From 


these data, the precise place of the boat can be determined. 


154. There is another method of determining the places at 
which the soundings ‘are made, that admits of great despatch, 
and which, if the observations are made with care, affords 
results sufficiently accurate. 

Having established, trigonometrically, three points which 
can be seen from all parts of the harbor, and having provided 
a sextant, let the sounding be made at any place in the harbor, | 
and at the same time the three angles subtended by lines 
drawn to the three fixed points, measured with the sextant. 

The problem, to find, from these data, the place of the boat 
at the time of the sounding, is the same as example 6, p. 98. 

It is only necessary to measure two of the angles, but it is 
safest to measure the third also, as it affords a verification of 
the work. 

The great rapidity with which angles can be measured with 
the sextant, by one skilled in its use, renders this a most expe- 
ditious method of sounding and surveying a harbor. 

The sextant is not described, nor are its uses explained in 
these Elements, because its construction combines many philo- 
sophical principles, with which the Surveyor cannot be sup- 
posed conversant. 

155. There is yet another method of finding the soundings, 


which, although not as accurate as those already explained, 
will, nevertheless, afford results approximating nearly to the 


188 ELEMENTS OF SURVEYING. [BOOK II. 


truth. It is this:—Let a boat be rowed, with uniform speed, 
across the harbor, from one extremity to the other of any of 
the lines determined trigonometrically. Let soundings be made 
continually, and let the precise time of making each be care- 
fully noted. Then, knowing the length of the entire line, 
the time spent in passing over it, as also the time of making 
each of the soundings, we can easily find the points of the 
line at which the several soundings were made; and hence, 
the depth of water at those points becomes known. 


156. If a person stationed on shore with a theodolite, takes 
the bearing of the boat, at every second or third sounding, de- 
termined by hoisting a flag, it will fix the positions of the sound- 
ings with great accuracy. Soundings may thus be made along 
any number of known lines, and a comparison of the depths 
found, on different lines, at or near their points of intersection, 
will show with what degree of accuracy the work has been done. 

Sounding-lines should be made of strong cord, and divided 
into feet or fathoms, by different colored rags or other marks. 
The lead is shaped like the frustum of a 
cone, with the base B hollowed out, to hold 
some grease. The land or mud of the bot- 
tom adheres to the grease, and thus shows 
the nature of the bottom, which should be 
entered in the field-book, and laid down 
upon the map. As the cord is lable to 
change its length, it should be compared, 


from time to time, with some standard. 


In tide-waters, the exact time of each sound- 
ing is to be noticed, and an assistant should 
note the height of the tide at regular intervals, upon a tide- 
gauge. The tide-gauge is permanently placed at some con- 
venient point of the harbor, and its 0 point is referred, by 
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means of a spirit-level, to some fixed bench-mark, on a level 
with mean low-water mark, to which all the soundings must 


be reduced. 


157. Having plotted the work done with the theodolite, as 
also the outline of the harbor traced with the compass, it re- 
mains to delineate the bottom of the harbor; and this is done 
by means of horizontal curves, hereafter explained, (Bk. IIL, 
Art. 29), which are used to represent broken or undulating 
ground. 4 

Let the plane of reference be taken through low-water mark, 
or to coincide with the surface of the water, at low tide. The 
accuracy with which the bottom of the harbor is to be delineated, 
will guide us in fixing the distance between the horizontal planes 


of section. 


The first horizontal plane should be passed at a distance 
below the shallowest point that has been sounded, equal to the 
number of feet fixed upon for the distance between the planes 
of section; and the curve, in which it intersects the bottom of 
the harbor, determined as in Book III, Art. 25. And similarly, 
for the other horizontal planes of section. 

Having thus delineated the bottom of the harbor, and noted 
on the map the distance of each intersecting plane below the 
plane of reference, let such lines be drawn as will indicate the 


channels, shoals, sunken rocks, and direction of the current. 

In the example given in Plate 6, soundings have been made 
in three directions, from the sand-bar in the harbor, and algo 
from the rocky shore across to the light-house. 


BOOK -1Tk 


LEVELLING AND ITS APPLICATIONS. 


SECTION I. 
OF LEVELLING. 


i. LeveLttine is the art of determining the relative dis 
tances of points from the centre of the earth. 


2. A line whose points are all equally distant from the 
centre of the earth, is called a line of true level; and a surface, 
all whose points are equally distant from the centre of the 
earth, as the surface of still water, is called a level surface. 


3. One point is said to be above another, when it is farther 
from the centre of the earth; and this difference of distance 
from the centre, is called the difference of level between the 
two points. 


4. A straight line drawn tangent to a line of true level, 
at any point, is a horizontal line, and is called the line of 
apparent level. Thus, (Pl. 4, Fig. 1), if C is the centre of the 
earth, and A #?'a line of true level, ABD is the line of apparent 
level. This is the line of level determined by an instrument. 
The difference between the apparent and true level of the 
points A and #, is BH, the eacess of the secant CB, of the 
arc AZ, over the radius CZ. 


ti 


a 
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5. To find a general formula for computing this excess, we 
have (Geom., B. IV., Prop. XX X.), 


AB’ = BE (BE + 2H0); 


but, since the are A# is very small in comparison with the 
radius of the earth, the are AF will not differ sensibly from 
the tangent AB; the diameter 2#C may, for the same reason, 
be taken for the secant (BH + 2HC): hence, 


AE = BEX2EO, or, dividing by 226, 


_ a 


BE=3, +--+ (). 


If we take the mean diameter of the earth to be 7919 miles, 


f la (1) gives preset 2)52 bi 
ormula g euig te ee (2), “hence, 


The departure of the apparent from the true level, starting 
from a given point, 1s equal to the square of the distance to the 
second point, divided by the diameter of the earth. } 


If, in formula (2), we give to AZ, in succession, every value 
from 1 chain to any given number of chains (say 100), and 
reduce, at the same time, both terms of the fraction to inches, 


a table may be computed as on next page. 


Observe, that when the distance AZ = 80 chains = 1 mile, 
that BH is = 8.001 inches, or two-thirds of a foot, very nearly; 
and for any other distance, d, in mules, we have, 


1. a 2 Zool a foot: & 4d"; 
hence, we have the following easy rule for finding the correc- 
tion of curvature in feet: 


The correction for curvature, in feet, is equal to two-thirds 
of the square of the distance in miles. | 
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Table showing the differences, in inches, between the true and 
apparent level, for distances between 1 and 100 chains. 


Chains.) Inches. || Chains.| Inches. | Chains.| Inches. | Chains.| Inches. 
t 001 26 845 || 51 3.255 || 76 7,221 
2 005 27 911 52 3.380 || 77 7A12 
3 O11 28 981 53 3.511 73 7.605 
4 .020 29 | 1.051 54 3.645 79 7.802 
5 031 30 | 1.125 BD 3.781 80 8.001 
6 045 81 151.201 56 3.925 | 81 8.202 
7 061 32 | 1.280 57 4.061 82 8.406 
8 080 33 | 1.360 58 4.205 83 8.612 
9 104 34 | 1.446 59 4351 || 84 8.832 
10 125 35 | 1.531 60 4.500 || 85 9.042 
it 151 8 1.620 61 4.654 || 86 9.246 
12 180 BY 44.711 62 4.805 87 9.462 
13 Sie N88) 1806 63 4.968 88 9.681 
14 245 39 | 1.901 64 5.120 89 9.902 
15 281 40 | 2.0038 65 5.281 || 90 | 10.126 
16 | .320 4i | 2101 66 | 5.443 || 91 | 10.351 
17 361 42 | 2.208 67 5.612 92 | 10.587 
18 A05 43 | 2.811 68 5.787 93 | 10.812 
19 AB1 44 | 2.240 69 5.955 || 94 | 11.046 
20 500 45 | 2.581 70 6.125 || 95 | 11.233 
21 52 46 | 2.646 71 6.302 ||. 96 | 11.521 
22 605 AY | 2.761 72 6.480 97 | 11.763 
23 661 48 | 2.880 73 6.662 98 | 12.017 
24 720 49 | 3.004 4. 6.846 99 | 12.246 
25 781 50 | 8.125 1 7.0382 || 100 | 12.502 


INSTRUMENTS. 


6. Before proceeding further in the discussion of the prin- 


ciples of levelling, we will describe some of the instruments 
used, and first, 


THe Y Le&veEt. 


@ A Level is an instrument used to indicate a horizontal 
line, and also, to determine the difference of level of any two 
points on the surface of the carth. 


- 
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The part of the instrument shown in (Pl. 4, Fig. 2), rests 
on a tripod, to which it is permanently attached at Z HH 
is a horizontal brass plate, through which four levelling-screws 
with milled heads are passed, and worked against a second 
horizontal plate, GG. Two of these screws, A and J, are seen 
in the figure. S is a clamp-screw, which, being loosened, allows 
the upper part of the instrument to turn freely around its 
axis. Q is a tangent-screw, by means of which the upper part 
of the instrument is moved gently, after the clamp-screw S has 
been made fast. 2# is a horizontal bar, perpendicular to which 
are the wyes, designated Y’s, that support the telescope ZB. 
This telescope is confined in the Y’s by the loops 7, 7, which 
are fastened by the pins p and p. The object-glass B, is adjusted 
to its focus by the serew XY, the eye-glass Z slides out and 
in, freely. The screws f, f, work the slide which carries the 
horizontal hair; and two horizontal screws, only one of which, 
a, is seen, work the slide that carries the vertical hair. CD is 
an attached spirit-level. The screw WV elevates and depresses 
the Y nearest the eye-glass. In some instruments this Y is 
elevated and depressed, by means of two screws at M and LR. 

Before using this level, it must be adjusted. The adjust- 
ment consists in bringing the different parts to their proper 
places. 

The line of collimation is the axis of the telescope. With 
this axis, the line drawn through the centre of the eye-glass 
and the intersection of the spider’s lines, within the barrel of 


the telescope, ought to coincide. 


First ADJUSTMENT. 


To fix the intersection of the spider’s lines in the axis of the 
telescope. 


8. Having screwed the tripod to the instrument, extend the 


legs, and place them firmly. Then loosen the clamp-screw S, 
138 


“4 
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; 
| 
. 


and direct the telescope to a small, well-defined, and distant 
object. Then slide the eye-glass till the spider’s lines are seen 


distinctly; after which, with the screw X, adjust the object-glass 
to its proper focus, when the object and the spider’s lines will 
be distinctly seen. Note now the precise point covered by the 


intersection of the spider’s lines. 


Having done this, revolve the telescope in the Y’s, half 
round, when the attached level CD will come to the upper side. 
See if, in this position, the horizontal hair appears above or 
below the point, and in either case, loosen the one, and tighten 
the other, of the two screws which work the horizontal hair, 
until it has been carried over half the space between its last 
position and the observed point. Carry the telescope back to 
its place; direct again, by the screws at WM and AR, the inter- 
section of the spider’s lines to the point, and repeat the opera- 
tion, till the horizontal hair neither ascends nor descends while 
the telescope is revolved. A similar process will arrange the 
vertical hair, and the line of collimation is then adjusted. 


SECOND ADJUSTMENT. 


To make the axis of the attached level CD parallel to the line of 
collimation. 


Turn the levelling-screws Jf and R, until the bubble of the 
level DC stands at the middle of the tube. Then open the 
loops, and reverse the telescope. If the bubble still stands at 
the middle of the tube, the axis of the level is horizontal; but 
if not, it is inclined, the bubble being at the elevated end.- In 
such case, raise the depressed, or depress the elevated end, by 
means of the small screw h, half the inclination; and then with 
the screws, at Jf and R, bring the level to a horizontal position. 
. Reverse the telescope in the Y’s, and make similar corrections 
| again; and proceed thus, until the bubble stands in the middle 
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of the tube, in both positions of the telescope; the axis of the 
level is then lrorizontal. 

Let the telescope be now revolved in the Y’s. If the bubble 
continues in the middle of the tube, the axis of the level is not 
only horizontal, but also parallel to the line of collimation. If, 
however, the bubble recedes from the centre, the axis of the 
level is inclined to the line of collimation, and must be made 
parallel to it, by means of two small screws, which work hori- 
zontally; one of these screws is seen at g. By loosening one 
of them, and tightening the other, the level is soon brought 
parallel to the line of collimation; and then, if the telescope be 
revolyed in the Y’s, the bubble will continue at the middle of 
the point of the tube. It is, however, difficult to make the 
first part of this adjustment, while the axis of the level is con- 
siderably inclined to the line of collimation; for, even if the 
level be truly horizontal in one position of the telescope, after 
it is reversed, there will be but one corresponding position in 
which the bubble will stand at the middle of the tube. This 
suggests the necessity of making the first part of the adjust- 
ment with tolerable accuracy; then, having made the second 
with care, re-examine the first, and proceed thus till the adjust 
ment is completed. 


THIRD ADJUSTMENT. 


To make the level CD and the line of collimation perpendicular to 
the axis of the instrument, or parallel to the horizontal bar EE. 


» Loosen the clamp-screw S, and turn the bar #Z, until the 
level DO comes directly over two of the levelling screws. By 
means of these screws, make the level CD truly horizontal. 


Then, turn the level quite round; if, during the revolution, it 


continue horizontal, it must be at right angles to the axis of 
* the instrument about which it has been revolved. But if, after 


- “ Ny”) COG Mo ee 
:) i “<3 ) 
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the revolution, the level CD be not horizontal, rectify half the 
error with the screws at Jf and R, and half with the levelling 
screws. Then place the bar HZ over the other two levelling 
screws, and maxe the same examinations and corrections as 
before; and proceed thus, until the level can be turned entirely 
around without displacing the bubble at the centre. When this 
can be done, it is obvious that the level DC and the line of 
collimation, are at right angles to the axis of the instrument, 
about which they revolve; and since the axis is carefully ad- 
justed by the maker, at right angles to the bar HZ, it follows, 
that the line of collimation, the level DC, and the bar H#, are 
parallel to each other. 


The level is now adjusted. When used, however, it is best 
to re-examine it every day or two, as the work will be erroneous 
unless the instrument is accurately adjusted. 


LEVELLING Rops. 


9. The levelling rods are used to determine the points at 
which a given horizontal line intersects lines that are perpen- 
dicwar to the surface of the earth, and to show the distances 
of such points of intersection from the ground. 

There are two kinds of rods used by engineers, known as 
the Boston and New York rods. 


They are both sliding rods, divided into feet, tenths, and 


hundredths of feet; and the readings, by means of a vernier, are 
made to thousandths of a foot. 


10. The Boston Rod is formed by two pieces of hard wood, 
about six feet and a half in length, the one sliding through 
grooves, along the other, in both. directions. 


A vane or target, six-tenths of a foot in width, divided into 
four equal rectangles by a horizontal and vertical line, passing 
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through the centre, is permanently connected with one ex: 
tremity of the sliding piece. The two diagonal rectangles of 
the target, are usually painted black or red, and 
the other two white, so that the centre and the 
horizontal dividing line, may be distinctly seen. 

There are two verniers, one at either end of 


the second piece, by means of which the read- 
ings, indicating the height of the target, are read. 

When the height is less than six feet, the 
reading is made by the vernier at the top of the 


rod; and when it is greater than six feet, the 
rod is reversed, which brings the other vernier 
to the top; the target is then run up to the re- 
quired height, and the reading made as before. 


New York Rod. 


1i. This rod, which is shown in the en- 
graying, is cut in two parts, so that both ends 
may be exhibited. It is made of satin-wood, 
in two pieces, like the former, but sliding one 
from the other, always in the same direction, 
so that the same end is always held on the 
ground, and the graduations start from that 
point. In this rod, as in the other, a target 
is used to indicate where the horizontal line 
cuts the rod. 

The face of the target is divided into quad- 
rants, by a horizontal and a vertical diameter ; 
and these diameters are the boundaries of the 
alternate colors with which the diagonal quad- 
rants are painted. 

The opening, in the face of the target, is a little more 
than the tenth of a foot. The right edge of the opening is 


Cree a | 
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chumfered, and divided into ten equal spaces, corresponding to 
nine hundredths on the rod: hence, the vernier reads to thou- 
sandths of a foot. For heights less than six feet, the target is 
moved along the sliding part, to which it is slightly attached 
by springs, and to which it may be permanently attached by 
a clamp-screw, and the reading is made by the vernier on the 
target. When the height exceeds six feet, the slide and target 
are run up to the requisite height, and the reading is made 
by the vernier at the top of the staff. 


Tests of Adjustment. 


12. There is a method of testing the adjustments of the 
Y level, which ought not to be neglected, since all the results 
depend on the accuracy of the instrument. The method is 
this: 

The level being adjusted, place it at any convenient point, 
as G (Pl. 4, Fig. 4). At equal distances of about 100 yards, on 
either side, and in the same line with the level, place the 
levelling rods, Cd, BF. Make the level horizontal with the 
levelling screws. Then, turn it toward either rod, as BF, and 
run the vane up or down, as required, until the intersection 
of the hairs strikes the centre: then make the slide fast, and 
note carefully the height of the vane. Turn the level half 
round, and do the same in respect of the staff Cd. 


Let the telescope be now reversed in the Y’s. Sight again 
to the rod BF, and note the exact height of the vane. Let 
the telescope be now turned half round, and the same be done 
for the rod Cd. If the two heights last observed are equal 
to those first noted, each to each, the line of collimation is 
perpendicular to the axis of the instrument; and if the bubble 
has, at the same time, preserved its place at the middle point 
of the tube, the instrument is truly adjusted. 


as 
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For, had the line of collimation been inclined to the axis 
of the level, it would, in the first instance, have taken the 
direction AF or Ad 3 and when turned half round, it would 
have taken the direction AZ# or Ad. The telescope being re- 
versed in the Y’s, and again directed to the staff BY, tke line 
of collimation would take the direction Ad or AV, anid when 
turned to the staff Cd, it would take the direction Ad or AF: 
and the two distances B/’, Bd, or Cb, CH, can only be equal 
to each other when the line of collimation falls on the hori- 
zontal line gf. 


LEVELLING IN THE FIELD. 


13. The operations of levelling may be undertaken: 


1st. For the purpose of determining the difference of level 
between two given points: 


2d. For the purpose of obtaining a section or profile along 
a given line, as in the preliminary surveys for railroads and 


canals: 


3d. For the purpose of determining the contour lines in a 


topographical survey, as described in Section II.; and, 


Athly. For the purpose of determining the volume of any 
given mass of earthwork or masonry; as the measurement of 


excavations and embankments for canals and railroads: and, 


5thly. For the purpose of determining and indicating bound- 
aries for filling and excavation; such as setting stope stakes, 
&e. 


DIFFERENCE OF LEVEL BETWEEN Two POINTS. 


14. When it is proposed to find the difference of level of any 
two objects, or stations, all levels made in the direction of the 
station at which the work is begun, are called, for the sake of 
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distinction merely, back-sights; and levels taken in the direc- 
tion of the other station, fore-sights. 


Before going on the field with the level, rule three columns, 
as below, and head them, stations, back-sights, fore-sights. 


FrieL_p NOTES. 


Stations. + Back-Sights. — Fore-Sights. 


1 10 3 
11.6 

6.8 

3.9 


Sums. 


Dif. of level 


EXAMPLES. 


Find the difference of level between any two points, 
as A and G (Pl. 4, Fig. 5). 

The level being adjusted, place it at any point, as B, as 
nearly in the line joing A and G, as may be convenient. 
Place a levelling rod at 4. Make the level horizontal by means 
of the levelling screws; turn the telescope to the rod at A, and 
direct the rodman to raise the target until the horizontal line 
ab pierces its centre; then note the distance Ad (equal te 10 
feet in the present example) and enter it in the column of 
back-sights opposite station 1. 

Send the rodman forward to some point, as WV, in the pro- 
posed direction, and sight to the rod as before; enter the dis- 
tance Wa, equal to 3 feet, in the column of fore-sights opposite 
station 1, (B). Then remove the level to a convenient point, 
as C, (2). Direct the rodman to run up the vane to the proper 
height ; then make the back-sight, and enter it, Wd =11.6 feet, 
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in the column of back-sights, opposite station 2. Let the rod- 
man then be sent forward to a convenient point, as J, and 
make the fore-sight to f; and enter Mf=0, in the column of 
fore-sights, opposite station 2, (C). Remove the level, in succes- 
sion, to D and Z, and make similar levels at those points, and 
enter the results in the columns of back-sights and fore-sights, 
opposite stations 3, (D), and 4, (£). 


It is evident from the figure, that the difference of level VF, 
between A and J, is equal to the back-sight 0A, diminished by 
. the fore-sight aN; also that the difference of level between 
WN and WM, is equal to the back-sight dN, diminished by the 
foresight 0, and since each set of observations is entirely inde- 
pendent of every other set, we may infer that the difference of 
level between two consecutive points, as determined by the same 
position of the level, is equal to the back-sight, diminished by the 
fore-sight. If the fore-sight be greater than the back-sight, the 
difference will be affected with a minus sign, a result which 


shows that the second point is lower than the first: and, . 


Generally, the difference of level between any two points, deter- 
mined as above, is equal to the sum of the back-sights diminished 
by the sum of the fore-sights. If the result is plus, the second 
point is higher than the first; if negative, it is lower. 


In the example given, the difference of level between A and 
G,1is 16 feet and 1 tenth. 


15. In the above example, we did not regard the difference 
. between the true and apparent level. If it be necessary to 
ascertain the result with extreme accuracy, this difference must 
be considered: and then, the horizontal distances between the 
level, at each of its positions, and the rods, must be measured, 
and the apparent levels diminished by the differences of level; 


| which differences can be found from the table. 


202 ELEMENTS OF SURVEYING. [Book Il, 


EXAMPLE. 


Stat. | Back-sts. | Distances.| Fore-st. | Distances.| Cor. back-sts. |Cor.for-sts. 


9.8 20 ch.| 1.6 32 ch.| 9.7583 | 1.4933 
8.7 25 ch.| 2.4 28 ch.| 8.6349 | 2.3183 
Die. 1 eS Chl ost 16 ch.| 5.1663 | 3.0734 
10.3 29 ch.| 1.9 87 ch. | 10.2124 | 0.1115 
11.0 45 ch.}| 2.5 72 ch. | 10.7891 | 1.9600 


Oo Be WW WO HH 


44.5610 | 8.9565 


In this example, the first column shows the stations; the 
second, the back-sights; the third, the distances from the level 
in each of its positions to the back rod; the fourth, the fore- 
sights; the fifth, the distances from the level to the forward rod; 
the sixth and seventh, are the columns of back and fore sights, 
corrected by the difference of level. The corrections are thus 
made: The difference of level in the table corresponding to 20 
chains, is 5 tenths of an inch, or .0417 of a foot nearly; which 
being subtracted from 9.8 feet, leaves 9.7583 feet for the corrected 
back-sights; this is entered opposite station 1 in the sixth 
column. The difference of level corresponding to 32 chains, is 
1.280 inches, or .1067 feet, nearly; which being subtracted from 
the apparent level, 1 foot 6 tenths, leaves 1.4933 feet, for the true 
fore-sight from station 1. The other corrections are made in 
the same manner. 


The sum of the back-sights being 44.5610 feet, and the 
sum of the fore-sights 8.9565 feet, it follows, that the difference, 
35.6045 feet, is the true difference of level. 


16. In finding the true from the apparent level, we have 
not regarded the effect caused by refraction on the apparent 
elevation of objects, as well because the refraction is different 
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in different states of the atmosphere, as because the corree- 
tions are inconsiderable in themselves. 


17. The small errors that would arise in regarding the 
apparent as the true level, may be avoided by placing the level- 
ling rods at equal distances from the level. In such case, it is 
plain, Ist, that equal corrections must be made in the fore 
and back-sights; and, 2dly, that when the fore and_back- 
sights are diminished equally, the result, which is always the 

- difference of their sums, will not be affected. 

This method should always be followed, if practicable, as 
it avoids the trouble of making corrections for the difference 
of true and apparent level. 

The differences between the true and apparent level, being 
very inconsiderable for short distances, if only ordinary accuracy 
be required, it will be unnecessary to make measurements at 
all. Care, however, ought to be taken, in placing the levelling 
rods, to have them as nearly equidistant from the level as can 
be determined by the eye; and if the distances are unequal, 
let the next distances also be made unequal; that is, if the 
back-sight is the longer in the first case, let it be made pro- 
portionably shorter in the second, and the reyerse. 


LEVELLING FOR SECTION. 


18. Having decided upon the line along which a section is 
to be taken, let a permanent mark be made at the beginning 
of the line: this is called, a dench-mark. A bench-mark is made 
by drilling a hole in a rock, or by painting upon a rock or 
fence, or sometimes by driving a stake in the ground, with its 
upper end marked by a nail-head. Bench-marks should be 
made from time to time along the line, to serve as checks, in 


case a re-suryey should become necessary. ° 
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The operations in the field are similar to those in the last 
example, and the field-notes are kept in the same manner, 
except that a new column is added for bearings, when it is 
necessary to make a plot of the line of survey. The total 
distance of each point, above or below the starting-point, may 
be computed, and written in a separate column, paying par- 
ticular attention to the signs. We annex an example, in which 
the heights are estimated in feet, and decimals of a foot. 


EXAMPLE. 


Sta- | Distances ; s Dif. between | Total Dif. of 
tion. | in feet. SIE ee ea B.S. and F. 8. Level. 


1 650 2.385 14.55 — 12.20 — 12.20 | commenced at bench-mark 4. 
2 700 3.56 9.58 | — 6.02 | —18.22 
3 750 | 10.84 6.21} + 413 | —14.09 
4 630 14.55 0.25 | +1430} + 0.21 
5 
6 


REMARKS. 


600 9.98 1.67 | + 8381] + 8.52 
650 8.62 14.54 | —10.92 | — 2.40 
BM. 1.23 13.45 | — 12.22 | — 14.62 | Bench-mark on rock. 

7 | 800 2.28 12,05 | — 9.82 | — 2444 | Terminating at Bu. on oak- 


tree. 
— 37.79 


The fifth column shows the difference of level between any 


two consecutive positions of the levelling rod, and is found by 
subtracting the fore-sight from the corresponding back-sight, 
and giving to the remainder the proper sign. The sixth column 
shows the distance of each point, above or below the bench-. 
mark A, and is obtained by continual additions of the numbers 
in column 5. Thus, 


(— 12.20) + (— 6.02) = —18.22; (—18.22) + 4.13 = — 14.09; 
and so on. 


It will be seen that the point of termination is 37.79 feet 
below the starting-point. 
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PROFILE OF SECTION. 


19. The vertical distances being generally very small as 
compared with the horizontal distances, two different scales be- 
come necessary in plotting a profile. In order that the vertical 
distances may be fully exhibited in the plan, the scale used for 
them is much larger than is used for the horizontal lines. 
This becomes absolutely necessary where long lines of profile, 
with a gentle slope, are to be plotted, as is always the case 
in the trial section of a railroad survey. We shall illustrate 
the manner of plotting a profile section, by drawing the section 
iletermined by the field-notes just given. 


20. Draw a horizontal line AK, called a datum line, and 
assume some point as A, to represent the point of beginning: 
lay off, on the datum line, distances Die to the measured 


distances 650, 700, 750, &c., feet to A using in this case a scale 
of 1500 feet to 1 inch. At the points B, C, D, LH, &c., thus 
determined, erect perpendiculars, making them equal, on a scale 
of 25 feet to the inch, to the corresponding differences of level 
taken from the field-book ; through the points thus found, draw 
the irregular line APZM, and it will represent the surface of 


the ground along the line of level. 
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The bench-mark, between stations 6 and 7, is not plotted, 
as it is supposed to be out of the line of the section, and no 
distances are measured to it. 


SECTION II. 
TOPOGRAPHICAL SURVEYING. 


21. Besides the surveys that are made to determine the 
area of land and the relative positions of objects, it is frequently 
necessary to make minute and careful examinations for the 
purpose of ascertaining the form and accidents of the ground, 
and to make such a plan as will distinguish the swelling hill 
from the sunken valley, and the course of the rivulet from 
the unbroken plain. 

This branch of surveying is called Topography. In surveys 
made with a view to the location of extensive works, the de- 
termination of the slopes and irregularities of the ground is 
of the first importance: indeed, the examinations would other- 
wise be useless. 


22. The manner of ascertaining these irregularities is, to 
suppose the surface of the ground to be intersected by a 
system of horizontal planes at equal distances from each other; 
the curves determined.by these secant planes, being lines of 
the surface, will indicate its form, at the places of section, 
and, as the planes are nearer or more distant from each otner, 
the form of the surface will be, more or less, accurately ascer- 
tained. 

If such a system of curves be determined, and then pro- 
jected or let fall on a horizontal plane, it is obvious that the 
curves on such.plane will be nearer together or farther apart, 
as the ascent of the hill is steep, or gentle. 
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If, therefore, such intersections be made, and the curves so 
determined be accurately delineated on paper, the map will 
give such a representation of the ground as will show its form, 
its inequalities, and its striking characteristics. 


23. The subject divides itself, naturally, into two parts: 


Ist. To make the necessary examinations and measurements 
on the field; and, 


2d. To make the plot, or the delineations on paper. 


For the former of these objects, the theodolite is the best 
instrument; the common level, however, will answer all the 


purposes, though it is less convenient. 


24. Before going on the field, it is necessary to provide a 
number of wooden stakes, about two feet in length, with heads. 
These stakes are used to designate particular points, and are 
to be driven to the surface of the ground. A nail should then 
be driven into the head of each of them, to mark its centre. 


We shall, perhaps, be best understood, by giving an example 
or two, and then adding such general remarks as will extend . 
the particular cases to all others that can occur. ! 


EXAMPLE FIRST. 


25. Let A, (Pl. 4, Fig. 6), be the summit of a hill, the contour 
of which it is required to determine and represent. At A, let a 
stake be driven, and let the axis of the theodolite, or level, be 
placed directly over the nail which marks its centre. From 4, 
measure any line down the hill, as AB, using the telescope of 
the theodolite, or level, to arrange all its points in the same 
vertical plane. Great care must be taken to keep the measuring 
chain horizontal, for it is the horizontal distances that are re- 
quired. At different points of this line, as a, 0, c, d, &c., let 
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stakes be driven, and Jet the horizontal distances Aa, ab, be, 
and cd, be carefully measured. In placing the stakes, reference 
must be had to the abruptness of the declivity, and the accuracy 
with which the surface is to be delineated: their differences of 
level ought not to exceed once and a half, or twice, the distance 


between the horizontal planes of section. 


Having placed stakes, and measured all the distances along 
the line AB, run another line down the hill, as AC, placing 
stakes at the points e, f,g and h, and measuring the horizontal 
distances Ae, ef, fg, and gh. Run also the line AD, placing 
stakes at 7, 1, m, and », and measuring the horizontal distances 
Ai, il, lm, and mn. 


Each line, AB, AC, AD, running down the hill, from A, 
may be regarded as the intersection of the hill, by a vertical 
plane; and these secant planes are to be continued over all the 
ground which is to be surveyed. If the work is done with a 
theodolite, or with a level haying a compass, the angles DAB 
and BAC, contained by the vertical secant planes, can be 
measured; if it is done with a level, having no needle, let any 
of the distances ae, df, at, bl, &c., be measured with the chain, 
and there will then be known the three sides of the triangles 
Aae, Abf, Aai, Adi, &e. 


Let, now, the difference of level of all the points marked in 
each of the lines AB, AD, AC, be determined. 


In the present example the results of the measurements and 
levelling, are— 


Line AB. 

Distances. Difference of Level. 
Aa = 40 feet | A above a 12 feet 
00 G50 oss : a above 6 8 « 
be, p= 0uiy's | b above c¢ 9 « 
Ca == 46, &. e above d11 & 
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Line AC. 

Distances. Difference of Level. P 
Ae = 28 feet A above e, 11 feet | 
2 a Os @ above, 7, O  * 

CL et oe Pea Q0OVe sg, dd. _* 
0) g above h, 14 « 
Line AD. 

Distances. Difference of Level. 
At = 25 feet A above 7, 9 feet 
i = BP a U ADOVEntty lo ei 
it = 38 = iL abovem,. 7% « 
Ti, = AB m above n, 14 “ 


Angle CAB = 25°, Angle DAB = 30°. 


These data are sufficient, not only to find the intersections 
of horizontal planes with the surface of the hill, but also for 


delineating such curves of section on paper. 


Prot oF Works. 


Having drawn, on the paper, the line AB, lay off the angle 
BAC = 25°, and the angle BAD = 30°. Then, from a conyen- 
ient scale of equal parts, lay off the distances Aa, ab, be, cd, 
Ae, ef, fg, gh, At, tl, lm, and mn. 

Let the horizontal planes be passed at a distance of eight 
feet from each other. Since A is the highest point of the hill, 
and the difference of level of the points A and a, is 12 feet, the 
first plane, reckoning downwards, will intersect the line traced 
on the ground from A to B, between A and a. Regarding the 
descent as uniform, which we may do for small distances, without 
sensible error, we have this proportion: as the difference of level 
of the points A and a, is to the horizontal distance Aa, so is 8 
feet, to the horizontal distance from A to where the first hori- 
zontal plane will cut the line from 4 to B. This distance being 
thus found, and laid off from A to 0, gives 0, a point of the 


{ 
ee z v . 
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curve in which the first plane intersects the ground. The 
points at which it cuts the line from A to C, and the line from 
A to D, are determined similarly, and three points in the first 
curve are thus found. 

The graphic operations are greatly facilitated by the aid of 
the sector. Let it be borne in mind, that the descent from 
A to a, is 12 feet, and that it is required, upon the supposition 
of the descent being uniform, to find that part of the distance 
corresponding to a descent of 8 feet. Take the distance from 
A to a, in the dividers, and open the arms of the sector until 
the dividers will reach from 12 on the line of equal parts, on one 
side, to 12 on the line of equal parts, on the other. Then, 
without changing the angle, extend the dividers from 8 on one 
side, to 8 on the other; this will give the proportional distance 
to be laid off from A to o. Or, if the dividers be extended 
from 4 to 4, the proportional distance may be laid off from a to o. 


If the distances to be taken from the sector fall too near the 
joint, let multiples of them be used; as for instance, on the 
French sectors, let the arms be extended until the dividers 
reach from 120 on the one, to 120 on the other, then 80 or 40 
will be the proportional numbers. Other multiples may be used, 


though it is generally more convenient to multiply by 10. 


26. The second plane is to pass 8 feet below the first, 
that is, 16 fect below A, or 4 feet below a, a@ being 12 feet 
below A. Take the distance ad, in the dividers, and extend 
the sector, so that the dividers will reach from-§ to (the 
descent from a to 6 being 8 feet) 8, or from 80 to 80; then, 
the distance from 4 to 4, or from 40 to 40, being laid off 
from a to p, gives p, a point of the second curve. 

The difference of level between @ and.d, being 8 feet, and 
the difference of level between @ and p, being 4 feet, the dif- 
ference of level between p and }, must also be 4 feet; hence, 
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the third plane will pass 4 feet below 0, and gq, determined 
as above, is a point of the third curve, and so on. After 
having determined the points in which each contour line cuts 
the lines diverging from A, let the contour lines be drawn 
through them, so as to indicate the surface of the hill. The 
numbers (8), (16), &¢., show the vertical distances of the re- 
spective planes below the point A. 


27. Having drawn the horizontal curves, the next thing to 
be done is so to shade the drawing that it may represent accu- 
rately the surface of the ground. This is done by drawing 
a system of small broken lines, as in the figure, perpendicular 
in direction to the horizontal curves already described. In all 
topographical representations of undulating ground, the lines 
of shading are drawn perpendicular to the horizontal curves. 

A profile along either of the diverging lines may be plotted 
by the rules already given (Art. 20). The diagram shows the 
profile along the line AB. 


EXAMPLE SECOND. 


28. The following example will illustrate the methods em- 
ployed in making a topographical survey, where great accuracy 
is required. # 

By means of a theodolite or. level, range a line of stakes 
A, B, O, D, #, &e., along one side, or through the middle of the 
ground to be surveyed, at equal and convenient distances from 
each other, say 50 feet apart. Mark, with a piece of red chalk, 
on each stake in this row, one of the letters of the alphabet, 
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A, B, 0, D, #, &c., in their order. At A, range a line of stakes, 
perpendicular to AZ, planting the stakes at intervals of 50 
feet; and mark them with the letters as A; A; &c., which are 
read A first, A second, A third, &c. 


At S, range a line of stakes also perpendicular to AZ, and 
at distances of 50 feet from each other, and designate them 
B, B, B, &c. Do the same at C, D, £, &c., until all the stakes 
are placed, dividing the area, to be surveyed, into squares of 50 
feet on aside. The letters and figures should be plainly marked 
on a smooth face of each stake, for facility of reference. If this 
system of notation be followed, the stakes may be recorded 


without danger of confusion. ty, 
"’ 


The next operation is to determine the difference of level 
between each stake, and some fixed horizontal plane, which is 
called a plane of reference. If the sea is near, the plane of mean 
low water, may be taken as the plane of reference. If not, 
assume the horizontal plane, passing through the lowest point 
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of the ground to be surveyed, and make a permanent bench- 
mark at the point of beginning. If the lowest point cannot 
be easily determined, assume such a plane of reference as shall 
pass quite below the lowest point of the ground. 


The follewing is the form of a field-book, used in topo- 
graphical levelling. 


Firtp NotEs. 


Total dif. of level! 
above E 3 


Back-sights. Fore-sights. Difference. REMARKS, 


Object.| Reading. | Object.| Reading. Object.| Reading. 
0.000 
+ 10.221 10.221 
0.314 10.585 
C4 | 11,112 | E2 5.281 | + 5.881 | E2 | 16.866 

E4 6.154 |— 0.873 | E4 | 15.493 
0.153 | D4 | 15.646 


4.819 | D2 | 20.465 


E3 


11.482 


Check 10.535 


c3 | 2.917 |— 1.735 | c3 | 18.730 
ps | 6.030 |— 3.163) Bs | 15.567 
cs | 0.921 | + 5.159] 5 | 20.726 
B4 | 0.113 | + 0.808] B4 | 21.584 | Check 10.999 
Ba | 11.992 | EL | 8.019 | + 3.863 E1 | 25.97 21.534 
B3 | 3.990 | + 4.029] B3 | 29.426 
pi | 411s |— 0.198 | D1 | 29.298 
ce | 1.880 | + 2.238] c2 | 31.536 
A4 | 5.000 |— 3.120 | a4 | 28.416 
As | 9.928 |— 4.928] as | 23.488 
ps | 1.67 |+ 8.253] ps | st.741 
Bs | 1.111 | + 0.564 | Es | 32.805 
a3 | 0.108 | + 1.003] a3 | 33.308 \ 
ci | 0.004 | + 0.104] ct | 93.412] Check 11.878 
ci | 11,149 | Be | 4181 | + 6.968} Be | 40.380 83.412 
Bt | 2.008 | + 2173] B1 | 42.558 
Ag-| osiz | + 1.191 | Ae | 43.744 | Check 10.332 


5.570 | Al | 49.514 | Check 5.770 
49.514 


‘AQ 
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In the example, which we have taken for illustration, the 
stake 4; is the lowest point, and let us assume the plane of 
refereice to pass through that point. 


Set up the level at some conyenient point, as a, take the 
reading of a levelling rod, set up at £, (11.432), and enter this 
reading as a back-sight. Then take the readings of the rod, 
placed at as many stakes as can be reached from the position 
a of the level, entering them as fore-sights, and endeavor to 
make the last reading as small as possible. At this last stake, 
¢, drive a smal] peg for a bench-mark, or check. 

If we subtract the fore-sight, (D), (1.211), from the back- 
sight (4), (11.432), the difference, (10.221), is entered in the 
column headed difference. But this is not only the difference 
of level between (D) and (Z), but is also the height of 
(D), (10.221), above the plane of reference through (Z): hence, 
we enter this difference, under the column, headed ¢otal diff. 
of level, as well as in the column of differences for any two 
consecutive stations. If, now, we subtract the fore-sight (C), 
(0.897), from the fore-sight (D); (1.211), the difference, (0.314), 
is evidently the height of (C) above (D) ; and if we now add 
this difference to the previous total, (10.221), we shall have 
the height of (©) above (7), (10.535). 


Move the level to a second point 6, and take a back-sight 
to the bench-mark, (C4), and fore-sights, to as many stakes as 
possible. 


Subtracting the fore-sight (# ), (5.281), from the back- 
sight (¢ ), (11.112), we get the difference of level between 
(Z) and (), (5.831); this being added to the previous 
total, gives the height of (Z ) above the plane of reference, 
through (L ), —namely, 16.366 feet. In subtracting the 
fore-sight (#), (6.154), from the fore-sight (#), (5.281), 
we find a negative result, (— 0.873), which shows that 
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(Z ) is below (Z )} We then enter this ‘difference, with its 
negative sign, in the column of differences; and to get the 
total, we add it, with tts alaebraic sign, to the previous total, 
giving (15.493), and so on, for the remaining parts of the 
example. 

As a check on the accuracy of our computation, subtract 
the fore-sight (C4) from the back-sight (#3), and the differ- 
ence will give the height of (C4), (10.535), above the plane 
of reference. 

Again, subtract the fore-sight (B4) from the back-sight 
(C4), and add the remainder to the height of (C4), and we 
shall find the height of (£4), (21.534), which should agree 
with the height found under the heading, ‘otal diff. of level ; 
and so on for each time the level is moved. Hach back-sight 


indicates a new position of the level. 


PLOTTING THE WORK. 


29. Draw, on a piece of paper, a straight line AZ. From 

a scale of equal parts, set off distances AB, BC, &., each 
to represent 50 feet. Erect perpendiculars to AH, at each of 
the points A, B, C, &., and then set off the distances from 
A to 2, from 2 to 3, &., each to represent 50 feet; and through 
the points 2, 3, 4, and 5, draw parallels to AH. ‘These, by 
their intersections with the lines drawn through A, B, 0, &c., 
will determine the position of the stakes Le Bh &c.; and write 
in red ink on the plot, the height above the plane of reference 
of each stake, taken from the column of total differences in 
the ficld-book. Let us suppose that the horizontal planes are 
to be taken at distances of 6 feet, We may find the points 
in which the contour lines intersect the lines at right angles, 
as in Example First. If only a rough plot is needed, the 
Surveyor may take the plot thus commenced, into the field, 
» and by the eye trace the contour lines on the map. If we note 
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where the lines at right angles, cut fences, roads, streams, &C. 
we can, by joining the points, obtain a plot of the ground. 


aisos *a39 3333 1 4281 IE 
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30. The contour lines may be traced on the ground, as 
follows: Set up the level at a, and observe that the back-sight, 
to the stake, placed at (#3), gave a reading of 11.432. Depress 
the vane equal to the distance between the horizontal secant 
planes, that is, 6 feet, which is done by placing it at the reading 
5.432. Then direct the rodman, by signals, up or down the 
hill, till the horizontal hair of the telescope coincides with 
the horizontal line of the vane. The foot of the staff is then 
6 feet above the first point. Let a stake, marked 6, be driven 
here, and direct the rodman around the hill, until a second 
position shall be found, when the horizontal hair of the tele- 
scope will cut the vane, and drive there another stake, marked 
6; and so on, until a sufficient number of stakes have been 
driven to determine the curve (6). Then, let the line of stakes, 
marked 6, be surveyed with the compass andchain, and plotted, 
Other contour lines may be found in a similar manner. 
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31. When the plane of reference is so chosen that points 
of the work fall on different sides of it, all the references 
on one side are called positive, and those on the other, 
negative. The curves haying a negative reference are distin- 
guished by placing the minus sign before the number; 
thus — ( ). 


SHADING AND DELINEATION. 


32. Figure 7 (Pl. 4), represents a piece of ground sloping 
towards D, which is the lowest point; and through this point 
the plane of reference is supposed to pass. The following table 
indicates the heights of the several points above the plane of 


reference. 

Ft. Ft. Ft. Ft. 
¢ above D, 2|H above D, 7|p above D, 9| B above D, 12 
a a ier IT ae MT) ON Tg See AS 
eee wo) as Cr Ee Gs 0 enw] lee 
t SMe if te Desir Ae DIAN GGisss eS 
‘g wie oti tke DB ent Seo ies ce Ded 
Y SAa Sas Se) NDS net Avi Dl? at Sin De 


A above D, 20 feet. 


The first horizontal plane is passed 2 feet above D, and the 
curve of intersection with the surface passes through ¢ The 
second secant plane is passed at 3 feet above D, and intersects 
the surface, in the curve wv, and also near d, which is one foot 
above the curve. All the other secant planes are passed at three 
feet from each other; and, comparing the height of each point 
above D, with the curves lying nearest, on either side, the 
positions of all the points, with respect to the curves, and with 


respect to each other, are easily seen. 


33. The manner of shading the map, so as to indicate the 
* hills and: slopes, consists in drawing the lines of shading per- 
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pendicular to the horizontal curves, as already explained. 
These shading lines are drawn close together, when the slope 
is abrupt, and further apart, as it grows more gentle. Fig. 7 


indicates the method of shading. 


34. In topographical surveys, great care should be taken to 
leave some permanent marks, with their levels written on them , 
in a durable manner. For example, if there are any rocks, let 
one or more of’ them be smoothed, and the vertical distance 
from the plane of reference marked thereon: or let the vertical 
distance of a point on some prominent building, be ascertained 
and marked permanently on the building. Such points should 
also be noted on the map, so that a person, although un- 
acquainted with the ground, could by means of the map, go 
upon it, and trace out all the points, together with their differ- 
ences of level. 


35. Besides representing the contour of the ground, it is 
often necessary to make a map which shall indicate the culti- 
vated field, the woodland, the marsh, and the winding river. 
For this, certain characters, or conventional signs, have been 
agreed upon, as the representatives of things, and when these 
are once fixed in the mind, they readily suggest the objects for 
which they stand. Those which are given in Plates 5 and 6, 
have been adopted by the Engineer Department, and are used 
ir all plans and maps made by the United States Engineers. 


It is very desirable that a uniform method of delineation 
should be adopted, and none would seem to be of higher 
authority than that established by the Topographical Bureau. 
It is, therefore, recommended, that the conventional signs 
given in Plates 5 and 6, be carefully studied and uniformly 
followed. 


4 
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SECTION III. 
RAILWAY CURVES. 


36. The preliminary survey of a railroad establishes a suc- 
cession of straight lines, of greater or less length, according to 
the obstacles to be avoided or the advantages to be gained, 
arising from the nature and the contour of the ground. 

The angle formed, at each change in the direction of the 
route, is carefully measured and recorded. 

In the final survey or location, these angles are replaced 
by curves; and in order that the change in direction shall 
be as gradual as practicable, the straight lines of direction 
are made tangents to the curves at their point of meeting. 

The preliminary survey is termed, by the engineer, “running 


out tangents.” 


37. We will proceed to describe the method of locating 
curyes, first giving the mathematical principles applicable to 
the subject. 


Let AD and DB (next fig.) be two tangents, to the arc of 
a circle, AB. Draw the radii AC, BO, and the secant CD. 


The following relations are easily deduced. The tangents 
AD and DB are equal, (Leg., Bk. III., Prob. 14). The angles 
A and B are right angles (Leg., Bk. III., Prop. 9), consequently 
the angles C and D, of the quadrilateral ADBC, must be sup- 
plements of each other. The angle 7DB, therefore, must be 
equal to the angle ACB. The right-angled triangles ADC and 
BDC are equal (Leg., Bk. I., Prop. 17); hence, the angle DCA 


* is equal to DCB, and each equal to $7DB. 
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Let the radius AC be represented by r; the distance AD 
by d, and the angle 7DB by a. Then will (Trig., Art. 66), 
d.= s langag, . ise. «GY 
The angle 7DB is the angle formed by two straight lines 
of the preliminary survey, and is carefully measured by the 
engineer, in locating tangents. 


1 


From formula (1), we can determine the value of d, for 
any given values of a and r; and hence we can determine, 
at what point on the tangent, laid off from D, the curve of 
any given radius must commence. 

It is evident, both from the diagram and the formula, that 
for any given angle between the tangents, the greater the 
radius of the curve, the greater will be the distance cut off 
between the intersection of the two tangents and the point of 
tangency. 

It is sometimes necessary to give a particular value to d. 
In such case, we use the formula, 


fd COb Fae ee Ow §(2) 
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38. The work of laying out or locating a curve in the 
field is somewhat simplified, if the curve have such dimensions 
that one chain, of 100 feet, haye an are corresponding to an 
exact number of degrees. 


The radii of such curves are easily calculated. Thus, a 
circle in which one degree of arc measures one chain, will 
have a circumference of 360 chains, or of 36,000 feet, and con- 


36,000 
2x 3.1416 = 5729.58 feet. 


In a circle in which two degrees of are correspond to a 


sequently, a radius of 


chain, the radius will be only half as great, or 2364.79. 


When three degrees of arc measure one chain, the radius is 
5729.58 
3 


= 1909.85. feet. 


The number of degrees corresponding to one chain, of a 
railway curve, is cailed the “degree of curvature.” 


The radius of a one-degree .curve is 5729.58 feet; of a two- 
degree curve, 2864.79 feet, &e. 


Representing the degree of curvature by c, we have the 


5429.58 
formula, r= i Meir amare riel rare cl.) 


r being expressed in feet, and ¢ in degrees. 


Apply the preceding formulas (1), (2), (3), to the following 


EXAMPLES. 


1. If the angle 7DB, of the tangents, be 45° 10’, what dis. 
tance must be laid off from the intersection D, to the point of 
tangency, to admit of a 4° curve? From formula (3), we have, 


BE. — = 1432.39 feet, 


Substituting this value of 7 in formula (1), we have, 
i. d = 1432.39 tang 22° 35’ = 595.76 feet. 
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2. If the angle a be 30°, and the distance d be 600 feet, 
what is the radius? Ans. 2239.2 feet. 


3. What is the degree of curvature in the last example ? 
Formula (3) gives 
5729.58 
Caen 


== O80 — Qos aeons 


4. The angle a being 20° 21’, what is the value of d for 


& one-degree curve ? Ans. 


THE LOCATION OF THE CURVE. 


39. The location of curves, according to the most common 
method, consists in laying off, at the point of tangency A, such 
angles as shall just subtend one chain of are. 

If the arcs Av, vw, wz, &c., represent arcs of one chain 
each, the angles ACv, vCw, &c., are each equal to the degree 
of curvature, 


C 


The angles DAv, vAw, wAz, are each equal to one-half the 
degree of curvature. (Leg., Bk. III., Prop. 18.) 

The operations in the field are very simple. The party 
should consist of a transitman, two chainmen, and an axe- 
man. 
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The transit is set and adjusted at a tangent point, as A, 
and directed along the tangent toward D. 

An angle equal to half the degree of curvature is deflected 
from AD toward the side on which the curve is to run. The 
hind-chainman holds his end of the chain at A. The fore- 
chainman, keeping the chain carefully extended, is directed by 
the transitman into line with the axis of the telescope. This 
locates the point v on the curve. 

From the line Av, another deflection is now made, of the 
same angle as before. The chainmen move forward; the hind- 
chainman stopping at v, while the fore-chainman, keeping the 
chain extended, is directed by the transitman as before, anda 
second stake, w, is fixed on the curve. 

By continuing the process, of deflecting angles equal to half - 
the degree of curvature, and causing these angles to subtend 
measured distances of one chain each, the entire curve is 
located. 

The last deflection on the curve rarely corresponds to an 
entire chain; it is, therefore, less than the others. Its amount 
can be readily calculated, when it is remembered that the sum 
of all the deflections, or the angle DAB, is exactly equal to 
one-half the angle a. 

It is sometimes necessary to remove the transit from the 
transit-point to some other point on the curve, before the loca- 
tion has been completed. 

In such a case, the direction of the tangent to this new 
point should be determined. Suppose z to be a located point 
on the curve to which the transit has been transferred, and 
from which new points beyond z are to be located. Adjust the 
transit and direct the telescope to A. Lay off the angle Azt, 
equal to DAz, (the sum of the deflections made in locating 


v, w, and z),—at is the tangent. By revolving the telescope, 
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the tangent is produced to s, from which deflections may be 
made as at first. 


Note 1.—The selection of the radius is governed by cir- 
cumstances. Curves of the longest possible radius are, in rail- 
roads, always the most desirable; but the larger the radius for 
any particular pair of tangents, the greater the distance by 
which the curve will depart from the intersection of the ; 
tangents. It may happen, therefore, that too large a radius 
may lead to an obstacle, which the angle in the first survey 
was made to avoid. 

The map, therefore, of the preliminary survey, should include 
so much of the topography of the adjacent section, that the 

»Yadii of the curves may be selected by an inspection of the 
map. 


Nore 2.—It will be observed that it is the chord, and not 
the arc, that is measured for each deflection, when locating 
in the field; the difference, in railway curves, of proper dimen- 
sions, does not lead to sensible error. 

For curves of a short radius (less than two thousand feet), 
the error may be diminished, by locating the stakes at half- 
chain distances, deflecting, of course, half the calculated deflec- 
tion angle. 


LOCATION OF CURVES BY THE CHAIN ALONE. 


49. It is sometimes convenient to locate a curve without 
using the transit. In such case, the following method is gen- 
erally employed. 

Let A represent the point of tangency, C the centre, and 
v, wW, x, located points of the curve, one chain apart. 


From v, draw vu perpendicular to the tangent, and it will 
be the first offset, which denote by 0. Denote the length of the 
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chain by ¢, and the radius AC, by r. If, now, we suppose 40 
to be prolonged till it meets the circumference in some point, 
on the other side of the centre ©, and this point then to be 
joined with v, and vm then drawn parallel to the tangent, we 
shall have, (Leg., Bk. IV., P. 23), 


2 


Av* = 2r.An; hence, 0= > Selah a 8, 


If, now, we prolong Av, till vf = Av, and join ¢ and w, 
tw will be the second offset, and will be double vw. For, the 
triangles in the figure, whose vertices are C, and whose bases 
are the equal chords Av, vw, &e., are isosceles and equal. 


Ab) 


Now, in any one of ‘the triangles, the sum of the two angles 
at the base and the vertical angle C, is equal to two right- 
angles. But, since Av? is a straight line, fuw + wvC + OvA, 
is also equal to two right-angles. Therefore, ¢vw is equal to 
any one of the equal angles at (, and is, consequently, double 
the angle wAv, which is half the angle C. 


Since the triangle wv is isosceles, if vp be drawn perpen- 
dicular to the base, it will bisect both the base and the vertical 
angle, making ¢y = pw. But the triangles Awv and vétp are 
equal: hence, ¢ = 2vu. Denoting the second offset by o’, we 
! C 


et) 8) 


15 


‘, have, 
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Hence, the practical operation consists in calculating the 
first offset, which is perpendicular to the tangent, by formula 
(4), then locating v, on this offset, and at a chain’s distance 
from A. 

Having fixed v, prolong Av, and lay off v¢ equal to one chain. 
Then the second, and all subsequent offsets, being double the 
first, we locate w by knowing its distances from v and ¢; and 
similarly for all other offsets. 


Notr.—In employing this method of locating curves, the 
aligning by which the chords are produced should be done with 
much care, as any error in locating a stake, involves much 
greater and increasing errors in succeeding stakes. 

This is called, by engineers, “the method by offsetting from 
tangent and chords produced.” 


EXAMPLES. 


1. What are the tangent and chord offsets, for a curve of 
2000 feet radius; the stakes to be 100 feet apart? 
Ans. From tangent, 2.5 ft.; from chord produced, 5 ft. 


2. Find offsets for a one-degree curve. 
Ans. Tangent, .87 ft.; chord, 1.74. ft. 


Another chain method, applicable to short curves. 


41. Measure off, on the tangent, 
any convenient distance, as Aa, 
and offset, at right angles to this x 
tangent, the distance av. If we 
denote the known radius of curva- 
ture by 7, the distance measured #@ 
on the tangent from A: by d, and 


164 
the offset av, by 0, we have the formula, 


o=r—Vr—@ 2... (6) 
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Then, by substituting for d in the formula, different dis- 
tances from A, the values of the corresponding offsets are 
found. 

The formula is easily deduced. For, draw the radii Ov and 
CA, and vm parallel to the tangent Aa. Then, nAav is a rect- 
angle, and in the right-angled triangle Cun, we have, 

Cv? = Cn? + nv*; or, 
r = (r —o0)?+ ad’; from which 


ON FD) ota ee) 


ANOTHER METHOD. 


42. Still another method may be employed in curves where 
the centre is in sight from different points along the tangent. 
It is of use chiefly in staking out circular walks, drives, or 
- lake borders in parks. ‘The measurement is made along the 
tangent as in the last case, but the offset is measured directly 
toward the centre by the formula, 


0S/ FES TP 8) 


This expression is easily verified. 


EXAMPLES. 


1. Find the offsets to be made at right angles to the tan- 
gent, at 50, 100, and 150 feet from the tangent point, in a 
curve of 1000 feet radius. 

Ans. 1.25, 5.02, and 11.32. 

2. Find the offsets from tangent toward the centre, at 20, 
40, and 60 feet on the tangent; radius being 200 feet. 

Ans. .99, 3.96, 8.81 (increasing as a’). 


Z \ 
LOCATION OF CURVES BY Two TRANSITS. 


43. The surface over which it is necessary to locate a curve, 
_ may be of such a character as to render it impracticable for the 
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chainmen to make their measurements; if, however, the various 
points are accessible to the axeman, as in the case of marshes, 
shallow lakes, or bays, the stakes may be accurately located by 
tha simultaneous deflections of two transits. 


The method is based on the following geometrical prin- 
ciple: 


Let A and B be the two tangent points of the curve dvB, 
and D the intersection of the tangents. 

If from any point v, on the curve, the lines vA, vB, be drawn, - 
then the sum of the angles vAB and vBA is measured by one- 
half the arc AB, and is therefore equal to one-half the angle a, 
or to either of the entire angles A or B. 

To locate the curve in the field, a transit is set at each of 
the tangent points 4 and B, and the deflection angle is deter- _ 
mined as in the first method. 

The transitman at A, deflects in the usual way, one deflec- 
tion anglé from the tangent 4D. At the same time, the transit- 
man at B deflects the same angle from the chord BA, or what 
amounts to the same, he deflects the difference between this 
angle and 3a, from the tangent BD. The lines of sight of the 
two telescopes now intersect at a point v,on the curve, one chain 
from A. The flagman, directed at the same time by both 
transitmen, is readily brought to the location of the - point. 
By a repetition of this process the entire curve is located. 
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LAYING OFF THE ORDINATES. 


44. The methods described thus far for locating railway 
curves, apply to points 100 feet apart. This is sufficiently 
accurate for the earthwork. In laying the track, hcwever, 
stakes every ten or twelve feet are necessary. These are set by 
drawing the chain or tape in a straight line between the 100-{t. 
stakes, and measuring from it, offsets, as often as desirable, to 
the intermediate points of the curve. 

The length of these offsets, or ordinates, is calculated in 


the following manner: 


Cea Ww 
t lr 
if 
IM C a 


Let VW represent a 100-ft. chord of a railway curve, of which 
C is the centre. Draw the diameter HX parallel to VW, and 
drop the perpendicular VZ. Then, Vi’= HL X LK. (Legen- 
- dre, Bk. IV., Prop. 23, cor. 2). Since HL = r—50, and 
LK=r +50, the value of VZ is readily calculated for known 
values of the radius. | 

Let NM hbe-an ordinate, at any distance from VJ, say 


10 feet. Then, 
NM’? = HM x MK; whence, 


NM’ = (r — 40) (r + 40). 
Haying determined WW, subtract VL from it, and we have 


,WVé, one of the ordinates required. 
In this manner, by calculating the full ordinate to the 
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diameter, and subtracting VZ, any desired number of offsets are 
determined for the half chain VF. For #’'W, the ordinates have 
the same length, but are located in the inverse order. 


The middle ordinate, PZ, is found by subtracting VZ from 
the radius. 


EXAMPLE. 


Determined the ordinates 10 feet apart on a 100-foot chord, 
for a two-degree curve. Radius, 2864.79 feet. 


AnsaiiAt 10. feet... <>.) ==) 1defeek. 
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Middle ordinate . . = 43 * 


SECTION IY. 
SECTION LEVELLING. 


45. In the surveys which precede the construction of roads, 
railroads, canals, dikes, or other similar earthworks, the surveyor 
must make such measurements as are necessary to enable him 
to estimate the volume of the material to be removed. In 
addition, therefore, to the horizontal measurements made in 
connection with the location of the work, vertical dimensions, 
or heights, are also necessary, and are taken at every important 
change in the inclination of the surface along the line of the 
survey. 

These heights are taken by the level and rod, and are 
simply vertical distances of points along the surface above an 
assumed level line called the datum line. 
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46. In the survey of a long line of railway or canal, one 
of whose termini is in the vicinity of tide-water, the datum line 
is usually assumed at the level of mean high-water. In cases 
of surveys entirely inland, the datum line is taken at some 
convenient depth below the beginning point of the survey, and 
at such a distance that it shall be below the entire line on the 
surface. For such surveys, the system of notes described in 
the preceding section is insufficient. 


47. As the survey progresses, fixed points of reference, called 
benches, are located in the vicinity of the line. Permanent 
objects are usually selected for benches; such as rocks, build- 
ings, or trees, and at such distances from the line of the work 
as to be undisturbed by the subsequent construction. 


48. Temporary benvhes, employed merely while changing 
the position of the levelling instrument, are called turning 
points. In either case, a well-defined point must be provided— 
one not easily disturbed by a blow, and, moreover, one upon 
which the rod can be held vertically. 


Note—tThe order of the surveys, on a line of road or canal, 
after the route has been determined by reconnoissance, is 

1st. The Transit survey, establishing the centre line of the 
work. 

2d. The section Level, or the measurement of the profile 
of the centre line. 

3d. The cross-section work, or the measurements, with the 
level, across the centre line, to the full width of the road, for 
the purpose of determining the intersection of the slopes with 
the natural surface; and also, to afford data for the estimate 
of the amount of earth to be removed, or filled. 


49. The following example will exhibit the method of re- 
cording the notes of a section level. The datum line is assnmed 


232 ELEMENTS OF SURVEYING. [BOOK IIL. 


to be thirty feet below the first bench. When the field-book 
is of the ordinary pocket size, the seven columns of notes will 
generally occupy two opposite pages; the first five being upon 


the left-hand page. 


Dist. + Sight. | Ht. of Ins. | — Sight. Helene Neikt, Remarks. 
Bench,| 1.637 | 31.6387 30. an 
0 BL vi] 20 “post $0 ft. 
1 1.8 29.8 eters 
py 0.9 30.7 
2 3.4 28.2 
3 10.8 20.8 
‘T.P. | 1.910 | 22.184 11.413 | 20.224 
5.8 16.3 
iar 9.0 13.1 
5° 10.4 a be a 
6 9.8 12.3 
4 , | Oe) 1s 


The bench haying been selected and marked, its location 
is described in the column of remarks. 

The level is adjusted in some convenient place in the vicinity, 
and the reading of the rod is taken upon the bench. In the 
above example it is 1.637, As the bench is 30 feet above the 


t 


2 
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assumed datum line, the height of the instrument (or line of 


collimation) above this datum line is 31.637 feet. | 


The reading is recorded against Bench, in the column of 
+ sights, and the “height of instrument” is recorded in its 
proper column, in the same line. 


By referring to the above diagram it will be readily seen, 
that to obtain the height of the different points 0, 1, 1%, &e, 
above the datum line, it is only necessary to take the readings 
of the rod, at these stations, and subtract them from 31.637. 
Such readings, therefore, are appropriately termed minus sights, 
and are recorded in the 4th column. As these readings are 
taken only to the nearest tenth of a foot, they are taken much 
more rapidly than the bench readings. ‘The subtractions by 
which the surface heights are found, may be worked in the 
field or not, as the surveyor chooses. The unit of measurement, 
in the column of distances, is usually the engineer’s chain of 
100 feet. Readings are taken at intermediate points (as at 160 
feet in the above example) when there are abrupt changes in 


the inclination of the surface. 


50. When it becomes necessary to change the position of 
the level, such measures must be taken as will insure the exact 
“height of instrument,” in the new position. 

To effect this, a carefully-selected hard point is found (not 
necessarily on the exact line of the survey, but as far forward 


“as convenience and accuracy will permit), and a reading of the 


rod is taken upon it, to thousandths. 

Ii likely to be used for a single occasion only, it is called a 
“turning-point,” and marked T. P. in the distance column; 
otherwise it is called a Bench, and its location is described in 


the column of remarks. 
A turning-point is taken between stations 3 and 4, in the 
above example. The reading of the rod, upon it, is 11.413. 
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This is recorded in the — sight column, and the height of the 
point is at once found (by subtracting this reading from Height 
of Instrument), and recorded in the column of “Heights.” 

The level is next carried forward to a new position, ad- 
justed, and directed again upon the rod at the turning-point. 
The reading is taken to thousandths. This, when added to the 
height of the turning-point, evidently gives the height of instru- - 
ment in its new position. It is recorded, therefore, as a + sight. 
The survey is now continued by taking — sights at the various 
points along the line until it becomes again necessary to change 
the position of the level. 

In the above example, the reading of the rod upon the 
turning-point, from the second position of the level, is 1.910. 
The height of the point upon which the rod stands is 20.224. 
The sum of these, or 22.134, is the “Height of Inst.” for the 
second set of —sights. ‘The successive subtractions of the 
readings from the Height of Instrument, give the surface heights 
as before. 

The most extended section levels are but repetitions of this 
process. 

The rules for taking and recording field-notes in section 
levelling are as follows: 


I. The “distances” recorded in the first column are the hori- 
zontal measurements, in chains, from the beginning of the survey 
to the points whose heights are to be determined. The heights 
are taken at each whole chain, and at such intermediate points 
as the irregularities of the surface require. 


Il. The first reading of the rod, after each setting of the 
level, is upon a bench or turning-point, and is a “ + SIGHT :” 
all other readings are “ — SIGHTS.” 


Ill. The + sight, added to the height of the point upon 
which the reading was taken, gives the “ Height of Instrument.” 
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IV. The — sights taken, at any position of the level, sub- 
tracted from the “ Height of Instrument” for that position, give 
the corresponding “ Surface Heights.” 


V. All the + sicHT readings, and the last — sight of each 
set, being upon benches or turning-points, are taken to thousandths 
of a foot. The remaining “— sights” are taken to tenths only. 


Nore.—It will be observed that when the column of “surface 
heights” is complete, the second, third, and fourth columns of 
the field-notes are no longer needed. The first and fifth columns, 
which together contain the horizontal and vertical measurements 
for the line of work, afford all the data necessary for mapping 
the profile and determining the grade-line. 

The location of the benches should be so described in the 
column of “remarks,” that any particular bench may be found 
at any time, by referring to the field-notes. The importance 
of this is apparent when it is remembered that the process of 
construction destroys gr remoyes the stakes along the line of 
the survey, and that the question of the completion of the work 
can be determined only by reference to the benches. It is 
obvious, also, that they should be established somewhat off the 
line of the survey. The distance apart, of regularly established 
benches, should be governed by the above-mentioned uses of 
them. 

Any turning-point may be profitably made a bench (when 
it can be made permanent), by carefully recording, so as to 
admit of its identification. 

In conducting a section level through a rocky district, turn- 
ing-points in abundance are found at hand, and cause no delay 
in their preparation, whereas a bench in the same section, re- 
quires marking and locating. 

In levelling through flat and level sections of country, 
although the engineer can get “sights” for long distances, a 
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proper regard for accuracy will induce him to limit the distance, 
between successive positions of the level, to about six hundred 
feet. Under such circumstances, each turning-point is made a 
bench. 


51. The methods of establishing benches are various. In a 
rocky section, some conspicuous point is marked either by 
drilling or grooving the rock. In villages or cities, stone steps, 
or projecting courses of masonry to dwellings, curb-stones, and 
fence-posts afford good benches, and admit of easy identi- 
fication. 


In sections where trees abound, a notch is cut in the side 
of a trunk near the root, in such a manner as to leaye a pro- 
jecting point upon which the rod may be held vertically. A nail 
driven full length into the projection, gives it the necessary firm- 
_ ness for a bench. 


In marshes or prairies, where there are neither rocks nor 
trees, the engineer is compelled to resort to long stakes, firmly 
driven into the ground to such a depth as to be undisturbed by 
the frost; no portion of the stakes being allowed to project above 
the surface. The top of each is trimmed to a kind of blunt 
point, into which a nail is driven its full length. 

A re-survey of a route, to detect possible errors in levelling, 


is accomplished by taking the heights of the “benches” only, 
and is called a “cheek level.” 


DRAWING THE PROFILE. 


52. When the “section level” of a line of work has been 
completed, the “profile” is next to be drawn. The method of 
doing this is very simple. 

A horizontal line to represent the datum line, is first drawn, 
and the distances from the first column of notes are laid off 
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along it, to a convenient scale: this for ordinary working draw 
ings is about two hundred feet to an inch. 

The “surface heights” corresponding to these distances are 
next laid off at right angles to the datum line, and above it, 
but to a scale usually ten times as great as that employed for 
the horizontal distances; that is, an inch upon the vertical lines 
represents one-tenth as many feet as upon the datum line A 
line joining the upper extremity of the verticals, is the profile. 

By thus employing two different scales, the irregularities 
of the surface are made more apparent to the eye, and the sub- 
sequent adjustment of the “grade-line” is rendered much easier, 


and more accurate. 


53. Every earthwork of importance requires, in addition to 
the working profiles, a general map, in which the plan drawn 
from the transit survey is represented upon the same sheet as 
the profile. 

The horizontal distances of both portions of the map being 
drawn to the same scale, and one being placed directly above 
the other, corresponding points in plan and profile are readily 
compared. 

In published maps of this kind, representing extended works, 
and drawn for convenience to a very small scale, the vertical 
scale of the profile is frequently several hundred times as great 


as the horizontal. 


ESTABLISHMENT OF THE GRADE. 


54. The determination of the height which the finished road 
or canal, shall have above the datum line at different points, is 
called “Establishing the grade.” 

The position and inclination of grade-lines are influenced 


by a variety of circumstances : 
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1st. The character of the work. A street admits of an in- 
clination of five, or even eight feet in a hundred, and requires 
about one foot for its drainage, while a rise of two feet in a 
hundred upon a railroad is exceedingly rare. A canal is, of 
course, level, the change of height being effected by abrupt 
transitions at the locks. 

2d. The economy of construction. It is desirable to make 
the earth excavated, form the required embankments, or, in 
the language of: the engineer, “to make the cuttings balance 
the fillings.” 

It is, however, sometimes more economical to throw away, 
or “make a spoil bank” of the earth of an excayation, than 
to transport it the required distance for the embankment. 
Embankments, for similar reasons, are often constructed of 
earth obtained outside of the road limits (“borrowing pits”) ; 
or, when such means are not available, are often made of timber 
framing, (trestle-work). 

3d. The natural obstacles, which render the construction 
difficult; such as rocky ledges, marshes, lakes, streams, and 
quicksands. 

In either case, the engineer determines, by inspection of 
the maps, at what points the grade-line shall intersect the 
natural surface. Thus the inclination of the grade, and, con- 
sequently, its height above the datum line, for each “distance,” 
are easily found. 

Another column of notes is now made, recording these 
“Grade Heights;” each being placed against the corresponding 
surface height. 

The following example, with its accompanying diagram, 
illustrates the method of establishing a grade and recording 
the notes. It will be observed that the profile, with its “dis- 


tances” and “surface heights,” are the same as in the preceding . 
problem. 


SEC. Iv.] SECTION LEVELLING. 239 


We will suppose it is required to establish, in the following 
profile, a grade-line whose inclination shall not exceed 3 in 100; 
the grade to begin at station 0, at the surface. 


| Dist. +8. |H.ofIns.| —S. |H.ofSur.| H. of Gr. Cut. Fill. Rem. 
0 29.5 | 29.5 
1 29.8 | 26.8} 3.0 
1" 30.7 | 25.2 | 5.5 
2 28.2 | 241] 41 bare 
3 20.8 | 21.4 0.5 
T.P 
4 16.3 | 18.7 2.4 
5 13.1 | 16.0 2.9 
5° 117-1} 147 3.0 
6 12.3 | 13.3 1.0 
ye Tas) 0 at 6° 


It is an easy matter to represent any required inclination 
of grade on the profile map; nothing more being necessary 
than to lay off the proper distances on two different verticals, 
, and draw a line through the points of measurement. For in- 
stance: a grade of 3 in 100, running downward from station 0, 
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would intersect the vertical at 6, eighteen feet lower, and the - 
vertical at 7, twenty-one feet lower. 

Moreover, by consulting the notes, we find that a grade- 
line from 0, whose height is 29.5 feet, ending at the surface 
at 7, whose height is 11.5 feet, descends 18 feet in 700, or 
2.57 in 100. 

Hither of these lines would fulfil the required conditions. 
The first would, however, require in its construction a large 
excess of excavation over the embankment (as may be seen by 
drawing a faint line in the diagram). The second would give 
an excess of embankment. 

It is best, generally, that the cutting should be slightly in 
excess, as nearly all kinds of earth shrink a little in the pro- 
cess of removal. 


The cuttings and fillings of the profile may be balanced 
with tolerable accuracy, by stretching a thread across the pro- 
file so as to intersect at the 0 point,and then varying the in- 
clination, until the areas cut off by the profile line on oppo- 
site sides of the thread appear equal.* 

The column of Grade Heights must now be filled. It is 
easily and rapidly done. The height of Grade, at 0, is, by the 
conditions, 29.5. At station 1, it must be 2.7 lower, or 26.8; at 
1.60, 4.3 lower, or 25.2; and at 2, 5.4 lower, or 24.1, &. 

The remaining columns of “cut” and “fill” contain simply 
the differences between corresponding “surface” and “grade 
heights.” Where the surface is higher than the grade-line, the 


construction requires a “cutting;” when the established grade- 


* The advantage of a thread over a ruler lies in the fact, that while using the thread, 
the areas on both sides of it are seen at once, : : 

In the present example, a line from 0, descending 2.7 to 100, seems to accomplish the 
desired purpose. The line being drawn, the ‘‘cut’’ and ‘‘ fill” areas are measured, to deter- 
mine if they are properly balanced. 

The complete computation of the earthwork, by which the exact position of the grade 
line is determined, is explained in the next section. 
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line is higher than the surface, an embankment, or “filling,” is 
necessary. 

The notes in the final column, indicate the points where the 
grade-line intersects the natural surface. Such are called zero 
points. 

The distances are of importance in the computation of the 
earthwork. The above notes literally signify that either cut or 
fill is 0, at 2.87, also at 6.52. 

These distances are obtained with sufficient accuracy for 
ordinary purposes by a measurement of the profile map. When 
the cuttings and fillings are recorded in the proper columns, 


the notes belonging to the section-level are complete.* 


Notre.—It will be observed that the first set of notes on 
page 232, did not contain the columns for cut and fill. 

The practice in keeping the notes differs with the work to 
be performed. 

In extensive railway surveys, it is convenient to rule the 
pages of the note-book as in the first example; carrying out the 
field-notes to the extent of the surface heights, at least; then 
transfer to another book, the “distances,” “surface heights,” and 
“orade heights,” ruling columns for “cut,” “fill,” and “remarks.” 

These transferred notes are recorded in ink, and reserved for 


use in mapping and computations. 


* The following calculation may be employed in the more important cases. The 
triangles formed by the verticals (cut or fill), the grade-line, and the surface-line are 
similar, and give the following proportion: 

The sum of the cut and fill, 
the cut, 
the distance from cut to fill, 
distance from the cut to 0 point. 


Fill may be substituted for cut in the second and fourth terms. 


The application to the first zero point, in the above notes, is as follows: 
41+06 : 4.1 :: 100 : required dist., or 87. 


In the second case in the notes, the cut necessary to the calculation is wanting, but 
is easily supplied, by determining the height of grade in the usual way at station % 
16 
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Most road or canal surveys are made on several trial-lines 
before one is finally adopted. The profile of each line is care- 
fully drawn, and the cost of construction approximately esti- 
mated. 


When the route is finally selected, and the section levels 
satisfactorily completed, the exact width of the earthwork, both 
in excavations and embankments, is carefully staked out and 
the amount of material to be moved in the progress of construc- 
tion, accurately measured. 

The method of conducting this work is explained in the 
next section. 


Before closing the subject of section levelling, we will con 
sider the profile represented in the figure, and the set of field- 
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notes appended, which are only partially completed, and which 
will afford some examples for practice. 


2 
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Surface 
Heights. REMARES, 


1. What is the “Height of Instrument” for the first position 
of the level? Ans. 31.082. 


2. What is the height of the first T. P.? Ans. 28.686. 


3. What is the “ Ht. of Inst.” for the second position of the 
level ? Ans. 40.501. 


4, What is the height of the second T. P.? Ans. 38.183. 
5. What is the “Ht. of Inst.” for the third position of the 


level ? Ans. 49.125. 
6. What is the Height of Surface at 0? Ans. 27.8. 
poe de " & a at 3? te Baul 
8. (<9 ce 66 “cc at 3° ?. 66 20.7. 

Yy 66 66 “ be at 5? 73 DEO! 
1 a i S at 6? = BOAR 
at 7? 6 AAD 


11. Write the “Surface Heights” for the distances 1, 2, 4, 


and 6°. 
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Cross-SEcTION LEVELLING. 


55. All earthworks, whether excavation or embankment, un- 
less held in position by retaining walls, require to be constructed 
with a sloping surface, the inclination of which depends upon 
the kind of earth. 

If, in a railway-cutting, for instance, the banks which bound 
it be left too nearly vertical, when first constructed, the weather- 
ing influences, to which they are subjected, soon cause the ma- 
terial to slide down, until the whole slope gradually assumes a 
much lower inclination. 

After a time, however, the tendency to roll or slide is checked 
by the friction of the particles themselves, and the slope thus 
formed will withstand the ordinary effects of sun, wind, and 
rain. The inclination thus assumed is called the “ natural slope” 
of that kind of earth.* 

Slopes are expressed mathematically by the ratio of their 
horizontal to their vertical dimensions, and which is called the 
ratio of slope. 


In the diagram, which represents a road-cutting, the ratio 
of HS.to AH, or of HS’ to BF, is the ratio of slope. 

In practice, the slope at which earthworks are allowed to 
stand, vary from 1 to 1, or 45°, (as in very coarse material); to 
2 to 1, or 26° 34’, in very fine sand. 


* This slope is determined, experimentally, by drying a portion of the earth, and 
then pouring it from a slight elevation upon a level surface. The heap thus formed 
is a rather flat cone, whose sides stand at the lowest inclination they would be liable te 
assume under the action of atmospheric influences. The angle with the horizontal plane 
will be somewhere between 25° and 45°. 
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A slope of 1} to 1, (33° 41’), is found to be so far suitable 
for all ordinary excavations or embankments, that it is common, 
in the absence of an examination of the material, to adopt it 
as the ratio of slope throughout. 


SETTING SLOPE STAKES. 


56. It is evident that the width of natural surface of ground, 
required in the construction of a road, will vary with the depth 


of excayation or embankment. 


As often, therefore, as it is found necessary to determine 
the depth of the cutting or filling, in the section level, it is 
also necessary to mark the boundaries of the width of the 
work, on the natural surface. This is done by stakes called 
Slope Stakes, and the field-work necessary to determine their 
position, and to measure the section taken across the road, of 
which the Slope Stakes indicate the boundaries, is called “ Cross- 
Section Levelling,” or “Cross-Section Work.” 


57. A party of five may be usefully employed in setting 
Slope Stakes; viz., a leveller, rodman, axeman, and two tape- 
men. 

The rod, for Cross-Section work, is a ruder instrument than 
that employed in the Section level. It should be at least fifteen 
feet long, with the feet and tenths plainly marked. It requires 
no target, the leveller himself reading the rod in the act of 
sighting. 

The field-book is ruled as shown below. 


Centre 
cuttings. 


246 ELEMENTS OF SURVEYING. [BOOK III. 


The left-hand column contains the distances taken from 
the Section-level notes. The third column is for the cut or 
fill, corresponding to the distance in the first column; these 
numbers also being taken from the notes of the section level. 

A filling, it should be remarked here, is designated as a 
minus cutting in the field-notes. 

The second and fourth columns are for the horizontal and 
vertical measurements of the cross section. 

The examples following will illustrate the method of meas- 
uring the section and recording the notes. 

Let figure represent a section across a road excavation. AB 
being the bed of the road, and SCS’ the line of the natural 
surface. 

The road-bed is supposed to be 16 feet wide, the centre 
cutting 12.4 feet, and the ratio of slope 14 to 1. 
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The level being set up and adjusted in a convenient place, 
the rod is first held by the centre stake at C, and a reading 
taken. 

In the present example, the reading is 5.4. The line AB 
forms a convenient datum line, and the height of the instru- 
ment avove this line, is evidently 12.4 + 5.4 = 17.8 ft. 

This is noted down, for the moment, on a reserved page 
of the note-book, or on a spare slip of paper; neither the height 
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of instrument or rod readings being matters of permanent record 
in cross-section work. 

It is evident that if the rod be held at different points along 
the surface, and the readings subtracted from the “height of 
instrument,” the remainders will be the heights of these points 
above the datum line AB. These heights are technically called 
cuttings, although in the case of ST and S'V, no actual excayva- 
tion is proposed. 

The reading at Z is supposed to be 5.5. The cut is therefore 
12.3. The horizontal distance from the centre is 8 feet. For 
each cutting there will be a horizontal measurement, and these 
two must be recorded together. 

The form adopted is that of a fraction in which the numera- 
tor is the cutting and the denominator the distance. 

The record of this measurement would be, therefore, 12-3, 
in the column marked “left.” The points A and B, of the 
cross section are appropriately termed the angles, and as the 
points # and Ff, directly over them, become new starting-points 
for horizontal measurements, it is important to distinguish them, 
in some way, in the notes. 

(Right and left in the actual survey are determined by the 
direction in which the survey progresses, and in whick the 
ceutre stakes are numbered.) 

A common method is the one adopted in our notes—to sub- 
stitute for the number which represents the half width of the 
road, the letter A. 

The hind-chainman now takes his position at ZH, and 
the remaining distances to tke left are measured from this 
point. 

A change in the surface-line at H requires notice. The 
reading of the rod 6.2 indicates a cut of 11.6. This, with the 

* distance from Z, 10 feet, is duly recorded. 
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There being no other material change in the surface line 
beyond H, there remains to be determined on ‘his side only the 
intersection S, of the surface and slope. 

It is found by trial. When found, it is evident that the 
ratio of the distance to the “cut,” must be the same as the ratio 
of slope. In the present example, the distance must be 1} times 
the cut. 


Suppose a trial reading taken at 25 feet out, is 3.2. The 
height, or cut, is (17.8 — 3.2) = 14.6. 13 times this is only 21.9 
feet. The distance tried, 25 feet, is too great. 

Suppose a second trial at 22 feet out, with a rod reading 
of 3.8. The cut is 14. 14 times this is 21. Still too far out. 

A third trial, at 21 feet out, and a reading of 4, gives a cut 
of 13.8 ft. This multiplied by 14 gives 20.7 feet. The measured 
distance is slightly too great, but in ordinary practice this ap- 
proximation would be considered near enough. The record for 
the slope-stake S would therefore be 423.* 

In proceeding from the centre to the right, we find a point 
between the centre and the angle, that requires attention. 

The distance in such a case is taken from the centre instead 
of the angle. CX is 3 ft. and the rod reading 5.3 gives a cut of 


12.5. The reading at the angle-stake / is 5.8, giving a cut 
of 12 feet. 


If the surface-line from /’ were level, the distance #8’ would 
be 12 X 1; =18 feet; but as the ground descends, the distance 
is less. 

A trial at 11 ft. with a reading of the rod of 10.4, indicates a 
cut of 7.4. This multiplied by 14 gives 11.1, which is very nearly 
right: 34 is therefore the record for the location of 9’. 


* The readings and distances in this example haye been inade to correspond to a 
rise of one foot in five from Hto S. The exact record for § is $2:3%. 
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The completed notes for this cross section are as follows: 


Left. Centre Cut. 


13.8 11.6 12.3 


7 rT ear a 


538. We will now give a similar example, illustrating the 
method of staking out embankments. 


Dist. Left. Centre Cut. Right. 
OR Gee Sly Cee | BO A 
23.7 A A 12.6 


The fillmg at the centre is assumed to be 11.7 ft., which 
appears in the column of “centre cut,’ with its appropriate 
sign. 

The reading of the rod, at the centre, as shown by the dia- 
gram, is 7.2. 

The sum of the reading and the centre cut, (7.2 — 11.7), 
is — 4.5, which is the “height of instrument” referred to the 
line AB. 

The readings at all other points along the line SS’, must 
be subtracted from this “height of instrument,” as in the pre- 
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ceding example. The several remainders are the corresponding 
“ cuttings.” 

The reading at angle stake #, 8.3, subtracted from — 4.5, 
gives — 12.8, for the cut. 

For the slope stake S, we will suppose a trial distance of 20 
fect from #, and a rod reading at the trial point of 10.8 feet. 
The cut is therefore, — 15.3; this multiplied by 14 gives 
22.95.* The trial distance therefore, 20 feet, is not enough. 

A trial of 24 feet out, we will suppose to give a rod reading 
of 11.3 ft., which corresponds to a cut of — 15.8 ft. The ratio 
applied to this, gives for the proper corresponding distance out, 
23.7 ft., which is nearly correct. The distance at which the trial 
was made is slightly too great. It is evident that if the slope 
stake be set at the calculated distance, 23.7 ft., the record of 


= see may be made without involving an error of more than 


a tenth of a foot, in either cut or distance. 

On the right, the reading at the angle stake 7, is 4.1. The 
cut, therefore, is — 8.6 feet. 

As the surface rises but little from # to S’, the trial distance 
for the slope stake is taken at 12 feet; (it should be 12.9 ft., if 
the surface were level): the reading is supposed to be 3.9 feet. 
This gives the cut — 8.4, which should correspond to a distance 
out of 12.6 feet. It is evident, that considering the rise in the 
surface and the rod readings at /’ and 8’, the rod reading at S’ 


would not vary a tenth if moved from 12 feet to 12.6. The 
— 84 


record, therefore, for S’ is 
12.6 


39. The rules for conducting and recording cross-section 
work, whether for excavation or embankment, are as follows: 


I. Prepare the field-book by ruling columns for Distances 


* The sign is disregarded in the product. It may be well to notice, however, that the 
ratio of slope in embankments is considered to be 14 to —1. 


a oes a 
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and Centre Cuttings, leaving wider spaces on either side of the 
latter column for the record of the various measurements to the 
left and right of the centre stake. Transfer from the section- 
level notes the distances and corresponding cut or fill, for each 
stake of that survey. Filling in the cross-section notes is desig- 
nated as minus cutting. 


Il. Having set the level ins convenient proximity to a pro- 
posed cross section, take a reading of the rod. at the centre stake. 
Add this reading to the centre cutting, (regarding the sign of 
the latter), to obtain the “height of instrument.” 


Il. Lay off half the width of the road-bed each side of the 
centre, and mark the distances, temporarily, with stakes. These 
are the angle stakes. 


IV. Proceed to take rod readings at the angle stakes, and 
beyond them outward, (on a line at right angles to the direction 
of the line of the road), at each change of inclination of the 
surface. Subtract each reading from the height of instrument ; 
the remainder 1s the cutting, or vertical distance of the povnt 
measured, from the proposed road-bed. 


V. Record each cutting, together with its horizontal distance 
from the nearest angle stake, in the form of a fraction express- 
ing the ratio of the distance to the cutting. Lach fraction being 
recorded in tts proper column either “right” or “left? of the 
centre. Points between the centre and angle stake, are located 


by measurements from the centre. 


VI. Zo find the position of the slope stake: Measure off a 
trial distance from the angle stake, and determine the cut as 
before. Multiply the cut by the ratio of height to base of the 
proposed slope. If the trial distance be greater than this product, 
the assumed point is too far out, and vice versa. Repeat the 
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trial until the ratio of the distance to the cut expresses the 
ratio of slope. 


60. The cutting at the angle stake is, in cases of a tolerably 
uniform surface, a good guide to the distance to the slope 
stake. Thus, when the angle cutting of an excavation is 16 
feet and the ratio of slope 14 to 1, the distance out, for a level 
surface, would be 24 feet; but if the ground in that distance 
rise 2 feet, (and which in practice may be determined pretty 
correctly by the eye), then the horizontal distance must be in- 
creased by something more than 14 times 2 feet. 

When the surface descends, the estimated distance out, for 
a level surface, should in like manner be diminished. In em- 
bankments the conditions are reversed; the steeper the rise, the 
shorter the distance out. 


61. The following examples will serve to elucidate the sub- 
ject still further. 
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Dist. 


The diagram represents an embankment. cross section, in 
which, by reason of the small depth of filling, the height of. 
instrument is a positive quantity. 
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The centre cut is —4.9; reading of the rod at the centre, 
8.5; the sum of these, or “height of instrument,” is 3.6. The 
remaining rod readings are given on the line through the in- 
strument. 


62. In the example of the following diagram, the cross 
section is partly in excavation and partly in embankment. The 
ratio of slope is 2 to 1. The centre cut is 2.4. The centre 
reading is 7.9; height of instrument, 10.3. 

The reading at H, is 6.3; at H, 6.1; at S, 5.4. The point, 
&, is easily found in practice, it being that point on the surface- 
line where the reading of the rod exactly equals the height 
of instrument. The reading at is 13.2; and at 8’, 15.8. 

From these readings the cuttings may be found, and the 
notes completed as below. 
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63. In the following example, there is a regular rise in the 
surface-line of one foot in eight. The ratio of slope in the 
excavation is to be 14 to 1; height of instrument, 14.2. 

In seeking for the position of the slope-stake S’, a distance 

23 
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out of 13 feet is tried; the reading of the rod at the trial 
point is 4.8. 


How does this point compare with the true position of S$’? 
Ans. Not far enough out. 

What is the result of a trial at 16 feet out and a reading 
of 4.4? Ans. Too far out. 


What is the true cut and distance at S’? Ans. — 
Ara 4.9 
Find the position of 8S. Ans. 73 8 


Nort 1.—It sometimes happens, in very hilly sections, that 
it is impracticable to sight to all the necessary points of a 
single cross section from one position of the leyel. In such 
a case, it is only necessary to work from the centre as far as 
the surface will permit, then establish a turning-point, precisely 
as in section levelling; change the position of the level so as 
to proceed with the work, and determine the new height of 
instrument, from which the readings are to be subtracted as 
before. 


Note 2.—The degree of accuracy desirable to be -attained 
in setting the slope stake, varies with the kind of earth to be 
“staked out,” so that no exact rule can be laid down. 

A principle, in quite general use, permits the stake to be 
set when the calculated distance varies from the trial distance 
by less than a foot. 

The limit of error should never be greater than this, but 


in rock and the harder kinds of earthwork, it should be made 
much less. 


= 
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COMPUTATION OF HARTHWORK. 


64. Before the work of construction of a railroad or canal 
commences, the calculation of the earthwork must be com- 
pleted. 

The cross-section levels afford the necessary data. These 
surveys have divided the proposed work into blocks of 100 feet, 
or less, in length, and which are appropriately termed prismoids. 
Different methods are employed for estimating their cubic con- 
tents. The most accurate, though the most laborious, is the 
prismoidal formula, (Leg., Mensuration, page 129), 


vol. =i (B+ B' + 4M) 


B and B' representing the areas of the end sections of the 
prismoid, WM the area of a section midway between them, and 
i the entire length of the solid. 

The principal difficulty in applying this formula lies in 
finding the dimensions of the middle section. 

We will show the application of the formula by an example 
of road excavation. 

To simplify the problem, we will suppose such a degree 
of regularity in the ground surface that the angle cuttings 
may be omitted. | 

The length is supposed to be 100 feet. The other dimen- 
sions are given in the diagram. 

The areas of the end sections are easily found. It is only 
necessary, in each case, to add together the areas of the trape- 
zoids composing the whole end figure, as represented in the 
diagram, and subtract therefrom the sum of the triangles which 
lie outside the section. The dimensions of these triangles are 
always expressed in the cross-section notes, by the records for 


the slope stakes. 
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The area of B is thus found to be 104.8 sq. feet, and of B, 
116 sq. feet. 


Now, if a section of this prismoid be taken midway between 
the two ends, each of its several dimensions must be an arith- 
metical mean of the corresponding measurements of the end 
sections. Thus, the centre cutting is found to be 5 ft.; the dis- 


tance from the angle to slope stake, on the left, 9.9 ft., (== *) 


> 


the cutting on the extreme left is 6.6 ft. C=$ *) &e. 


The area of M is 111.3 sq. ft. 


Vol. of the prismoid = + x 100 (1048 + 116 + 445.2), 
= 11100 cubic feet. 


65. Two other methods of computation are of frequent use 
among engineers. They are less laborious than the prismoidal 
rule, but they are also less accurate. 
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The first is known as the “ Arithmetical Average” method. 
The rule is: 
Multiply half the sum of the end areas by the length of the 


prismotil. 


Applied to the example just solved, we should have, 


104.8 + 116. 


3 eu OM Culemtits 


VOL. == wLO0< 


66. The other method is called the “Mean Average” method. 
The rule is expressed thus: 

Add together the two end areas and their geometrical mean 
proportional. Multiply this sum by one-third of the length of 


the prismovd. 


This method, applied to the example, gives for the volume: 


vol. =3 x 100 (104.8 + 116 +4/1048 x 116) 


11035 cubic feet. 


Nore—When the difference between the end areas is con- 
siderable, the mean average method gives better results than 
the method of arithmetical average. 

The last mentioned rule has been largely employed by the 
engineers of the public works of the State of New York. 

Tables based upon the prismoidal formula, or modifications 


of it, are much used by engineers in earthwork computations. 


67. In applying the prismoidal formula to an example in 
which one end seetion has more given dimensions than the other, 
the calculator is frequently in doubt how he shall average these 
dimensions to obtain the middle section. As a rule, each cut- 
ting of the most irregular section should be averaged with the 


cutting nearest opposite to it, in the other section. 
17 


$ 
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We will illustrate this by a final example of earthwork: rep- 
resenting the sections by the field-notes only. 


Dist. Left. | Centre Right. 
17.9? RE LIS" 10" eee 

2: | 056 ae | ee 
11.6 112 ines 

O60 aes lore ices? 

A Pie aon a 2 


The half-width of the road, for which A is given in the notes, 
is to be considered as 8 feet. The length of the prismoid is 
expressed by the difference of the given distances, or 60 feet. 


' The dimensions of the middle section are found as follows: 


The centre cut is half the sum of the given similar dimen- 
158+104 


sions, 3 


= 13.1 feet. 


On the right, the average of the angle cuttings gives 14 


_ for the next measurement, both cut and distance must be aver- 
: aged; it is, 
4x (10+8) =9 9 
4x (8+12)=10 °” 0" 
The last term in the upper section must be averaged with 
the last in the lower, thus: 
4x (8+ 84)= 82 82 
4x (12+12.6)=12.3 °” i238" 


On the left, the measurement > of the upper section, must 


be averaged with the centre cutting of the lower, being nearest 
opposite to that point. We haye, 


$x (16410.4)=132 132 
Px( 24-00" jae Shor 


* 
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At the angle, in like manner, we have ss ; and finally at 


the slope stake = The complete dimensions being 


TOO 2. Ske 


}134| SS aS 


ld 14 182 
rt Se. Seen 
The area of the upper section, after subtracting the tri- 
angles, as before, is 543.47 sq. feet. 
The area of the lower end section is 325.44, 
The middle section contains 429.8 sq. feet. 


The volume of the prismoid is 


4X 60(543.47 + 325.44 + 4 x 429.8) 
=25881.1 cubic feet, or 958.56 cubic yards. 


SECTION YV. 
MINING SURVEYING. 


Definitions and general Notions. 


68. MiInING SuRVEYING comprises all the operations neces- 
sary to determine the relative positions of the parts of a mine 
with respect to each other, and also, with respect to the surface 


of toe earth. 


69. The general principles involyed in this branch of sur- 
yeying are the same as those used in surface surveying, but, 
from the nature of the case, certain modifications are required, 
both in the instruments employed and in the manner of using 


» thém: 
Stations are designated by lamps instead of flags, and lamp- 
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stands ins.#ad of flag-rods; station points, :f temporary, are 
marked by cross lines chipped in the rock, or sometimes by 
simple chalk lines, and, if permanent, by iron pegs driven into 
holes drilled for the purpose. Zines are measured along the 
slope, instead of on the horizontal, the chainmen being guided 
by lamps instead of rods. Amgles are measured by instruments 
gpecially devised for underground use; the ‘compass, when used, 
is generally of a widely different form from the ordinary sur- 
veyor’s compass; the theodolite, which is the principal angular 
instrument employed, differs from the ordinary theodolite in 
having a diagonal eye-piece, to permit observations to be made 
when the telescope is directed vertically upward, and also an 
arrangement for illuminating the cross hairs. These modifica- 
tions will be more fully described in a subsequent article. 


Traversing. 


7. TRAVERSING is the operation of running a zig-zag line, 
from one point to another. The elements of the traverse are 
straight lines, determined by their lengths and by their in- 
clinations to certain fixed planes. In mining surveying, three 
such planes are used; the first, is either a meridian plane 
through the origin of the traverse, or a vertical plane through 
the first course; the second, is a horizontal plane through the 
origin; and the third, is a vertical plane through the origin, 
and perpendicular to the other two. 


71. WORKING, or REDUCING THE TRAVERSE, is the operation 
of finding the length and direction of a single line, equivalent 
to the zig-zag, that is, starting from, and terminating at, the 
same points. Such a line is called the resultant of the traverse. 

The zig-zag lins is run along the subterranean openings of 
a mine. For the sake of uniformity, such openings, when ver: 
tical, will be called shafts, and when not vertical, galleries. 
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Method of traversing with the Compass and Semicircle. 


72. In running a subterranean traverse with the magnetic 
needle, a form of compass is used, called the Miner’s Compass. 
It consists of a compass-box like that of the Surveyor’s Com- 
pass, except that the graduation extends from 0° around, by 
the left, to 360°. This box is weighted at the bottom, and 
mounted on a universal joint, like the Mariner’s Compass. The 
ring that supports the universal joint is provided with hooks 
for suspending it from a wire stretched along the gallery. When 
so suspended, the box assumes a horizontal position, the diameter 
through the 0 point of the graduated circle falling immediately 
under the wire; if the compass be so suspended that the % end 
of this diameter points backward, and the 180° end in the 
direction the traverse is being run, the reading at the north 
end of the needle is the angular distance from the north point, 
around by the east to the direction of the course: this angle 
is called the Azimuth of the Course. 


Miner’s Semicircle. 


73. The slope of the Course is measured by the Miner's 
Semicircle. This is a graduated semicircle, with hooks, for sus- 
pending it from a stretched wire, and a plumb-line attached 
at the centre of the circle. When suspended, the plane of the 
semicircle is vertical, and its diameter is parallel to the wire; 
the 0 point of the graduation is at the extremity of the radiua 
which is perpendicular to the wire, and, as the divisions are 
numbered both ways, the reading of the plumb-line gives the 
slope. As it is impossible to stretch a wire so that it shall 
be perfectly straight, the slope measured at different points will 
not be the same; a fair result will be obtained by measuring 
the slope at each end of the wire, and taking the average as 


the true slope. 


i 
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74. To run a traverse, with the compass and semicircle, a 
copper wire is stretched from the place of beginning, say at 
the bottom of the shaft, to some convenient point of the gallery, 
and both ends made fast to iron hooks, driven into the walls 
of the gallery; the compass is suspended from this, at some 
point near its middle, and after it comes to rest, the azimuth 
of the course 1s read off and recorded; the semicircle is then 
suspended, first, near one end of the wire and then near the 
other, and the average reading is recorded, care being taken 
to note whether the slope is in elevation or depression ; the 
length of the wire, from hook to hook, is then measured and 
entered in the field-book. If necessary, measurements are made 
to determine the cross section of the gallery, at any desired 
point of the course, and the results entered in the column of 
remarks. The wire is then detached from the hooks and car-_ 
ried forward along the gallery, one end being made fast at 
the extremity of the first course, and the other at some con- 
venient point, generally on the opposite side of the gallery; 
the same measurements are made as before and recorded under 
the proper headings, and so on, to the end of the traverse. The 
method of entering the field-notes, is shown in the following 


FIELD Boor. 
SLOPE. Fen 
Course. Azimuth. ea REMARES. 
Elevation. | Depression. in feet. 
: ——— 2°30" | 208° 807 Stat. 1, at iron peg, 
3° 13) 199° 15’ 402 centre of shaft. 


a 3° 30’ “| 2512 30S) 240 
4° 15' | 300° 00’ | 367 


Te 0) — | 269° 15’ | 409 
2° 00’ ——— 272° 45! 200 At iron peg. 


aS oO Ee WC DD KH 
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Method of Traversing with the Theodolite. 


75. In traversing with the theodolite, it becomes necessary 
to illuminate the cross hairs of the diaphragm. This is accom- 
plished by a diagonal mirror, placed in front of the object-lens 
of the telescope. The mirror is supported by a stem projecting 
from a ring that surrounds the tube of the telescope, and has 
an opening in the prolongation of the tube, so as not to in- 
tercept the rays of light from the object. A lamp, placed on 
one side of the theodolite, illuminates the remainder of the 
mirror, and, if properly situated, a portion of its light is reflected 
into the tube of the telescope and thrown on the cross hairs. 
Sometimes the theodolite is furnished with three tripods exactly 
alike, upon each of which the instrument is mounted in turn, 
the other two serving to support the guiding lamps, which 
are so constructed that the flame of the lamp shall be as far 
above the top of the tripod as the axis of the vertical limb. 
Sometimes a single tripod is used, in which case the guiding 
lamps are placed on stands similar to the tripods, but with 
sliding pieces carrying the lamps, and fixed in position by 
clamp-screws. By this arrangement, the height of the lamp 
may be made equal to that of the theodolite. The lamps are 
protected by glass shades, of any color that may be desired. 


To run a Traverse with a Theodolite having three Tripods. 


76. Select a place for the first station, say at the foot of 
the shaft, and mark it permanently; set up a tripod over it, 
and place a station lamp on it: select a second station ab 
some suitable point, generally at a turn in the gallery, set up 
a tripod over it, and on it put the theodolite: at the third 
station, still further along the gallery, set up the third tripod, 
and on it put a station lamp. The theodolite being levelled 
and the horizontal limb clamped, direct the telescope to the 
lamp at the first station, and read both limbs; the reading of 
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the vertical limb will be the slope of the first course, in eleva- 
tion, if the telescope point downward—in depression, if it 
point upward; then unclamp the vernier plate. and direct the 


telescope to the lamp at the third station, reading both limbs 
as before; the reading of the vertical limb will be the slope 
of the second course, in elevation, if the telescope point upward— 


in depression, if it point downward; subtract the first reading 


on the horizontal Lmb from the second (the latter increased 


by 860° if the 0 of the vernier has passed the 0 of the limb), 
and the difference will be the horizontal angle between the 
first and second courses. 

The distance from the first to the second station is measured 
by chaining along the slope, the allignment being made by 
means of lamps, and the points corresponding to the ends of 
chains marked, by chalk-lines on the rock, or in some other 
convenient manner. The theodolite is then transferred to the 
third tripod, its place being taken by a station lamp, and the 
first tripod and lamp are carried along the gallery to mark 
the place of the fourth station; the same observations and 
measurements are made as before, and so on to the end of the 
traverse. The observations are recorded as shown in the fol- 


lowing 
FIELD Boor. 
| SLOPE. Reading on hor. limb. 
Sta- L Horizontal Dist. R 
ROR Elevation. | Depression. Back. Fore. Bele: Hoe ee 
1 ' tee 2° 30’ Station 1, at iron 
| 5 
2! —— | 3°157 | 407° 20° [283° 35’ |176° 15’ | sor | Poeceue of 
3 | a | 3° 80’ =| 271° 15’ | 148° 80’ | 232° 15’ | 402 
4°; —— 4°15’ | 109° 8' | 887° 88’ |.228° 80’ | 240 
5 1° 30’ a 225° 15’. | 14° 80’ | 149° 15’ | 367 
6 2° 00’ — 15° 20’ | 198° 50’ | 183° 80’ | 409 
7 200 .it iron peg. 


When the hearing of the first course is known, the azimuth 


of that, and of the following courses, mav be found, and the 


ee 
> 
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field-book, thus reduced to the form given in Art. 72. Some 
times, the first course is assumed as a line of departure, and 
the azimuths of the following courses are calculated with refer- 
ence to it. 


Modes of connecting with Surface Survey. 


77. In order to determine the bearing of the first course, and 
also to be able to trace out the plan of the mine on the ground, 
it is often desirable to connect the underground traverse with 
the surface survey. There are two principal methods of making 
the connection. 
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FIRST METHOD. 


A straight-edge, AB, is mounted on two trestles, and from 
1t are suspended two plumb lines, / and Ff, as far apart as the 
breadth of the shaft will permit. To prevent agitation from 

» currents of air, the bobs are permitted to dip into buckets of 
water, at the bottom of the shaft; the theodolite being at the 
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second station, K, and the telescope turned in the direction of 
the first station, D, the straight-edge is moved by an assistant 
until both are seen in line from A; their plane then passes 
through the first course; and if the line AB be prolonged to 
Mand L, the line MZ will be directly over the first course, and 
consequently its bearing will be that of the first course. By 
measuring the line Z, the depth of the shaft may be found. 


S 
“Tt 
= 


SECOND METHOD. 


Let the theodolite, provided with a diagonal eye-piece, be 
planted over the station D, at the foot of the shaft, and after 
being levelled, let it be directed on the station A. Then, with- 
out changing the plane of vision, let the theodolite be directed 
to the top of the shaft, and let an assistant plant two flag rods, 
one at A and the other at B, both in the plane of vision, and 
let the line AB be prolonged to Z and VW, as before. The line 
IM will be in the same vertical plane with the first course, DK. 


Hence, as before, we may determine the bearing of the first 
course of the traverse. 
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Reducing the Traverse. 


7S. We may now find the azimuths of the various courses. 
Suppose the bearing of the first course to be S. 23° W.; then will 
its azimuth be equal to 180°+ 23°, or, 203°; the azimuths of 
each of the following courses, in order, may be found by the 
following 


RuLE— Subtract 180° from the horizontal angle, observing 
that the remainder may be either + or —; add the result to the 
preceding azimuth; tf the sum is negative, add 360° to it; if 
positive and greater than 360°, subtract 360° from wz; the 
result thus found is the azimuth required. 


Thus, in the given example, the horizontal angle between the 
first and second courses is 176° 15’; this diminished by 180°, 
gives — 3° 45’, which added to the preceding azimuth, 203°, gives 
199° 15’ for the azimuth of the second course. In like manner, 
we find the azimuth of the third course, 251° 30’, of the fourth, 
300°, of the fifth, 269° 15’, and of the siath, 272° 45’. These are 


the same as are given in the example, in Article 72. 


Having found the data, as given in Article 72, we proceed 


to reduce the traverse as shown in the following 


OFFIcE Form. 


Slope in ft. Latitude. Departure. 
ee Ee Te Reduced er Se ee 
Course. aire ane Bearing. eclheais 

tion. | sion. : N. S. E. W. 
ad 134] 823° w. | 3067, |....| 2828|....| 1198 
2 22.8 Sato awe 401.4 Pe EEO OL Ob leet |lows0 
3 14.7 s. 714° w. 239.6 fees HOO el weet (se 
4 cae: erie Nn. 60° Ww. 366. ASS OW, eee eee, Rola” 
5 LO ai eetaees s. 894° w. 408.9 aoe Dido Wein aaUee 
6 16 weenie N. 874° W. 199.9 OG Se coeral hepcreraa tne! eee 
V7.7 | 73.2 192.6 | 742.6 | .... {14045 
Were O22Gi |) reteas 0.0 
ret] | 604 | s 684° w. | 15088 |....| 550.0] .... [14045 
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The form requires but little explanation. From the azi- 
muth, that is, the angle of the course from the north point 
around by the east, the bearing is easily deduced. The length 
of the course on the slope, multiplied by the sine of the slope, 
gives the distance the course rises or falls, in feet, and the length 
multiplied by the cosine of the slope, gives the reduced length 
of the course, that is, the length that would have been found 
had the course been measured on a horizontal line. The bearing 
and reduced course being found, the latitudes and departures of the 
courses are found in the usual manner. In the example given, 
the resultant course descends 60.4 feet, its southing is 550 feet, 
and its westing 1404.5; hence, its bearing and length on the 
horizontal, may easily be found by known methods. 


If the depth of the shaft is known, this, added to the de- 
pression of the resultant, in feet, gives the distance of the last 
station below the horizontal plane through the mouth of the 
shaft. 


Method of Plotting the Traverse on the Surface. 


79. To plot the traverse on the surface of the earth, we 
lay down the direction of the first course, as already shown: 
on this, measure off, in the usual manner, the reduced length 
of the first course, and mark the end of this distance, by a 
peg; plant the compass over the peg, set it so that the reading 
of the needle is equal to the bearing of the second course, 
and in this direction measure off the reduced value of the 
second course, and so on to the end. Then will the several 
pegs be exactly over the corresponding stations in the mine. 


80. Suppose it were required to sink a shaft, so as to strike 
the gallery at station 6, in the example given in Article 76. 
It has been shown how to locate the point exactly over the 
station, (Art. 75). Let a line of levels be run from the mouth 
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of the first shaft, to this point, and find the difference of level 
corresponding to the two points. This with the depth of the sta- 
tion, in the mine, below the mouth of the shaft, will make known 
the depth of the shaft. This is a problem that frequently oc- 
eurs in mining. 

A similar problem often arises in railroad tunnelling. For 
example, if a tunnel is to be driven through a hill, it is often 
desirable to sink shafts, intermediate to the end headings, so 
as to strike the tunnel. Oftentimes, these shafts are used as 
starting-points for portions of the tunnel which are intended 
to meet the parts that are being opened from the headings. 


Method of Plotting the Traverse on Paper. 


81. To plot the traverse, on paper, we first plot the plan 
by the usual method of plotting compass-work, using the bear- 
ings and the reduced lengths of the courses. This gives the 
general direction of the horizontal projection of the trayerse 
run; and from the measurements for cross section, the breadths 
of the gallery, on each side, may be plotted, and thence a 
complete plan of the mine may be constructed. We next plot 
the profile of the traverse, using, as in railroad plotting, two 
scales, one for horizontal distances, and the other and larger 
one, for vertical distances. The relation between the two scales 
will depend upon the circumstances of the case. Sometimes, 
both may be equal. The profile represents the undulation of 
the traverse, without reference to its horizontal deviations. Let 
us conceive vertical planes to be passed through all the courses. 
These will intersect each other in vertical lines. Take the one, 
through the first course, as the one on which the profile is to 
be delineated. Then, beginning with the plane through the 
last course, conceive the other planes to be revolved, in order, 


each about its intersection with the preceding one, to coincide 
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with it, and so on till all are brought into coincidence with 
the fixed one. The lines of the traverse will then be situated 
in one plane, and a plot of them, in this position, will be the 
profile required. The distances from the traverse to the floor 
and roof of the gallery, at different points, enable us to com- 
plete the profile. 


A TABLE 


Or 


LOGARITHMS OF NUMBERS 


FROM 1 TO 10,000. 


5 Log. ‘ Log. 
2-000000 26 1-414973 51 1-707570 76 1-880814 
9-301030 27 1+431364 52 1+716003 1 1-886491 
0-477121 28 1-447158 53 1-724275 7 1-892095 
0-602060 2 1+462398 54 1+732394 9 | 1-897627 
0-698970 30 1+477121 55 1-740363 0 1+903090 
0-778151 31 1+ 491362 56 1+748188 81 1908485 
0+845098 32 1-505150 4) 1-755875 82 1-913814 
0-g03090 33 1518514 5 1-763428 83 1+g19078 
0+954243 34 1-531479 59 1-770852 84 1+924279 
1-000000 35 1+544068 60 1+778151 85 1+929419 
1-041393 36 1-556303 61 1-785330 86 1-934498 
1-079181 37 1-568202 62 1+792392 87 1-939519 
1-113943 38 1-579784 63 1799341 88 1-944483 
1-146128 39 1-591065 64 1-806181 89 1+949390 
1-176091 40 1-602060 65 1-812913 go 1954243 
1+ 204120 41 1612784 66 1+819544 gt 1+959041 
1-23944 42 1623249 6 1-826075 92 1-963788 
1+25527 43 1-633468 6 1+832509 93 1-968483 
1-278794 44 1-643453 69 1-83884 94 1973128 
1-301030 45 1:653213 70 1.845098 95 1-977724 
1+322219 46 1-662758 71 1-851258 96 1-982271 
1-342423 4] 1-672098 72 1-857333 9 1-986772 ! 
1-361728 | 48 1-681241 73 1-863323 9 1+991226 
1-380211 49 1-690196 74 1 +869232 99 1+999635 
| 25 | _1+397940 50 1-698970 715 1-875061 100 2-000000 


Remark. In the following table, in the nine right hand 
columns of each page, where the first or leading figures 
change from 9’s to 0’s, points or dots are introduced in 
stead of the 0’s, to catch the eye, and to indicate that from 
thence the two figures of the Logarithm to be taken from 
the second column, stand in the next line below 
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000000 
4321 


012837 
7033 
021189 
5306 


384 
1088494 
7426 
1041393 

5323 
218 
054078 
6905 
060698 
4458 
8186 
071882 
5547 


079181 
082785 
6360 
9905 
093422 
6910 
100371 
3804 
7210 
110590 
113943 
7271 
120574 
3852 
7105 
130334 
3539 
6721 


8 
148013 


146128 
921 
15228 
5336 
8362 
161368 
4353 
7317 
170262 
3186 
176091 
8977 
181844 
4691 
7521 
190332 
3125 
5 
8657 
201397 


8600 
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A TABLE OF LOGARITHMS FROM 1 To 10,000. 3 


ie) 


6826 
9515) 


272188) 24 


4844' 
1484! 
420108} 
2716 
3309) 
7887 


230449 
2996 
5528 
8046 

240549 
3038 
5513 

.7973 

250420 
2853 

255273 
7979 

260071 
2451 
4818 
7172 
9513 

271842 
4158 
6464 


278754 
281033 
3301 
§557 
7802 
290035 
2256 
4466 
6665 
8853 


320146 


322219 
4282 
6336 
8380 

330414 
2438 
4454 
6460 
8456 

340444 


° 


8 


nae 
979 
1694 
4314 
6957 
eee 
2196 
Ay? 
7972 
9938 
2488 
5023 
7944 
@250 
2541 
5019 
7482 


9932 
3368 
479° 


7198 
9594 
1976 
4346 
6702 
9046 
137] 
3696 
6002 
8296 
2578 
2849 
5107 
es 
93 
181 
4025 
6226 
8416 
°595 
2764 
4921 
7068 
9204 
1330 
3445 
5551 


| 7646 


97390 
1805 


3871 
5926 


1972 
©0083 


2034 
4051 
605 
805: 
oe; 
202 


8 


9 Dy 


6556 | 271 
9247 | 269 
1921 | 267 
4979 | 266 
7221 | 2641 
9846 \ 262 
2456 , 261 
5od1 | 25 
7630 ; 25 
®193 | 256) 


2742 | 254 
5276 | 253 
7799 | 252 
®300 | 250; 
2790 | 249| 
5266 | 24 

7728 | 246 
9176 | 245 
2610 | 243 
So3r | 242 


7439 | 241 
9833 | 239; 
2214 | 23 

4582 | 237 
6937 | 239 
9279 | 234 
1609 | 233 
3927 | 232 
6232 | 230 
8525 | 229 


806 | 228 
3075 | 227 
1993.2 220 
OTS eeoo 
9812 | 223 
2034 | 222 
4246 | 221 
6446 | 220 
8635 | 21 

©813 | 21 | 


2980 | 217 
5136 | 216 
7282 ; 215 
9417 | 213! 
1542 | 2121 
3656 | 211} 
5760 | 210 
7854 | 20 

9938 | 20 

2012 | 207 


4077 | 496 
6131 | 205 
8176 | 20.) 
911 | 203 
2236 | 202 
4253 | 202 
6260 | 201 
825 200 


©24 19 
2225 cag 


aig aie 


4 


Ear 


220 
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342423 
4392 
6353 
8305 

340248 
2183 
4108 
ea 
9835 

361728 
3612 
5488 
7356} 
9216 

371068 
2912 
a 
8398 

380211 
2017 
3815 
5606 
7390 
ates 

390935 
2697 
4492 
6199 


397940 
9674 
4OI40l 
3121 
4834 
6540 
8240 
9933 
411620 
3300 


414973 
6641 
8301 
9996 

421604 
3246 
4882 
6511 
8135 
9752 

431364 
296 
4869 
6163) 

751 
9333 

440909 
2480 
4045 
5604 


° 


| 


ae 


A TABLE OF LOGARITHMS FROM 1 To 16,000. 5 


N. o I 2 3 4 5 6 1 8 9 D. 


280 |447158). 7313 | 7468 | 7623 | 7778 | 7933 | 8088 | 8242 | 8397 | 8552 | 155 
281 | 8706) 8861 | 9015 | 9170 ; 9324 | 9478 | 9633 | 9787 | gg41 | 895 | 154 
282 |450249| 0403 | 0557 | 0711 | 0865 | 1018 | 1172 | 1326 | 1479 1633 

283 | 1786) 1940 | 2093 | 2247 | 2400 | 2553 | 2706 | 2859 | 3012 | 3165 | 153 
284 | 3318) 3471 | 3624 | 3777 | 3930 | 4082 | 4235 | 4387 | 4540 4692 | 153 
985 | 4845) 4997 | 5150 | 5302 | 5454 | 5606 | 5758 | Sgro | S062 , 6214 | 15% 
286 | 6366| 6518 | 6670 | 6821 | 6973 | 7125 | 7276 | 7428 | 7579 | 7731 | 152 
287 | 7882! 8033 | 8154 | 8330 | 848; | 8638 | 87% | 8940 | gogt | 5242 | 151 
288 | 9392] 9543 | 9694 | 9845 | 9995 | ®146 | 9296 | €447 | 597 | °748 | 151 
289 |450898' 1048 | 1198 | 1348 } 1499 | 1649 | 1799 | 1948 | 2098 | 2248 | 150 
290 [462398] 2548 | 2697 | 2847 | 2997 | 3146 | 3296 | 3445 | 3594 | 3744 | 150 
291 aes 4042 | 4191 | 4340 | 4490 | 4639 | 4788 | 4936 | 5085 | 5234 | 149 


293 | 6868) 7016 | 7164 | 7312 | 7460 | 7608 | 7796 | 7904 | 8052 | 8200 | 14 
294 | 8347| 8495 | 8643 | 8790 | 8938 | 9085 | 9233 | 9380 | 9527 | 9675 | 148 
295 | 9822 9999 116 | ©263 | 410 | 557 | 704 | 851 | Pg98 | 1145 | 147 
296 |471292| 143 

297 | 2756] 2903 oe 3195 | 3341 | 3487 | 3633 | 3779 | 3925 ; 4071 | 146 
298 | 4216] 4362 | 450 

299 | 5816 | 5962 | 6107 | 6252 | 6397 | 6542 | 6687 | 6832 | 6976 | 145 


300 |477121 
301 | 8566] 8711 | 8855 | 8999 | 9143 | 9287 | 9431 | 9575 | 9719 | 9863 | 144 
302 |480007| 0151 | 0294 | 0438 | 0582 | 0725 | 0869 | 1012-| 1156 | 1299 | 144 
303 1443| 1586 | 1729 | 1872 | 2016 | 2159 | 2302 | 2445 | 2588 Pat 

304 | 2874] 3016 | 3159 | 3302 | 3445 | 3587 | 3730 | 3872 | 4o15 | 4157 | 143 
305 | 4300] 4442 | 4585 | 4727 | 4869 | 5o11 | 5153 |! 5295 | 5437 | 5579 | 142 
306 | 5721) 5863 | 6005 | 6147 | 6289 | 6430 | 6572 | 6714 | 6855 | 6997 | 142 
307 | 7138] 7280 | 7421 | 7563 | 7704 | 7845 | 7986 | 8127 | 8269 | 8410 | 141 
308 | 8551] 8692 | 8833 | 8974 | 9114 | 9255 | 9396 | 9537 | 9677 | 9818 | 141 
309 | 9958 


310 |491362| 1502 | 1642 | 1782 | 1922 | 2062 | 2201 | 2341 | 2481 | 2621 | 140 
311 | 2760] 2900 | 3040 | 3179 | 3319 | 3458 | 3597 | 3737 | 3876 | 4015 | 139 
312 | 4155) 4294 | 4433 | 4572 | 4711 | 4850 4089 

313 | 5544) 5683 | 5822 | 5960 | 6099 | 6238 | 6376 | 6515 | 6653 | 6791 | 13 
314 | 6930] 7068 | 7206 | 7344 | 7483 | 7621 | 7759 | 7897 | 8035 | 8173 | 138 
315 | 8311! 8448 | 8586 | 8724 | 8862 | 8999 |! 9137 | 9279 | 9412 | 9550 | 138 
316 | 9687| 9824 | 9962 | ©%99 | 236 | #374 | e511 | 648 | ©785 | 9922 137 
317 |501059| 1196 | 1333 | 1470 | 1607 | 1744 | 1880 | 2017 | 2154 | 2291 137 
318 | 2427) 2564 | 27c0 | 2837 | 2973 | 3109 | 3246 | 3382 | 3518 | 3655 | 136 
319 | 3791] 3927 | 4063 | 4199 | 4335 | 4471 | 4607 | 4743 | 4878 | 5014 | 136 


320 |505150| 5286 | 5421 | 5557 | 5693 | 5828 | 5964 | 6099 | 6234 | 6370 | 136 
321 6505} 6640 | 6776 | 6911 | 7046 | 7181 | 7316 Ts 

322 | 7856] 7991 | 8126 | 8260 | 8395 | 8530 | 8664 | 8799 
323 | 9203] 9337 | 9471 | 9606 | 9740 |} 9874 | 9°%9 | 143 | ©277 | P411 134 
324 |510545| 0679 | 0813 | 0947 | to81 ' 1215 | 1349 | 1482 | 1616 | 1750 | 134 
325 | 1883} gor7 | 2151 ; 2284 | 2418 ' 2551 | 2684 | 2818 | 2951 | 3084 | 133 
326 | 3218! 3351 | 3484 | 3617 | 3750 . 3883 | 4o16 | 4149 | 4282 | 4414 ; 133 
32 4548| 4681 | 4813 | 4946 | 5079 | 5211 | 5344 | 5476 | 5609 | 5741 | 133 
32 5874| 6006 | 6139 } 6271 | 6403 , 6535 | 6668 | 6800 | 6932 | 7064 | 132 
329! 7196! 7328 | 7460 | 7592 | 7724 | 7855 | 7987 , 8119 | 8251 | 8382 | 132 


518534) 8648 8777 | 8909 | 9040 ay 9303 | 9434 | 9566 | 9697 } 131 
331 | 4828] 9959 | S890 | 9221 | ©353 | 9454 

332 1521138] 1269 | 1400 | 1530 | 1661 | 1792 | 1922 | 2053 | 2183 | 2314 | 131 
333 | 2444] 2575 | 2705 . 2835 | 2966 | 3096 | 3226 | 3356 | 3486 | 3616 | 130 
334 | 3746] 3876 | 4006 , 4136 | 4266 | 4396 | 4526 | 4656 | 4785 } 4915 | 130 
335 | 5045} 5174 | 5304 | | 

6339) 6469 | 6508 
337 | 7630] 7759 | 7888 | 
338 917] 9049 | 9174 } 9302 | 9430 | 9599 | 9687 
339 |530200| 0328 | 0456 | 0584 | 0712 ; 0840 | 0968 | 1096 | 1223 | 1351 | 128 
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6 A TABLE OF LOGARITHMS FROM 1 TO 10,000. 


ExERERERS 


340 |531479) 
341 | 2794) 
342 | 4026) 
343 5294) 
344 | 6558 
345 781 
346 or 
347 |3 40329 
348 ) 1579) 
349 9829 
350 |§44068 
351 | 3307 
352 | 6543 
BOs rT 0 
354 gon3} 
| 359 |550228} 
356 | 1450 
357 2668 
358 | 3883 
359 | 5094 
360 |556303 
361 507 
362 709 
363 9997 
364 |561101 
369 | 2293 
366 3481 
367 | 4666 
368 | 5848 
369 | 7026 
379 |568202 
371 | 9374 
372 570543 
373 | 1709 
374 | 2872 
375 | 4031 
376 | 5188 
| 377 1 6341 
378 492 
379 639 
380 |579784 
381 [560925 
ao 2063 

31 
334 “ase 
385 5461 
or 6587 
7 II 
388 | 8432 
389 9950 
390 591065 
3gt | 2177 
392 | 3286 
393 | 4393 
394 | 5496 
395 | 6597 
397 br9a 
398 | 9883 
399 |600973 
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A TABLE OF LOGARITHMS FROM 1 TO 10,000. 


fe) 


) 1602060! 2169 
3253 | 3361 | 3469 | 3577 | 3686 
4334 | 4442 | 4550 | 4658 | 4766 
5413 | 5521 | 5628 | 5736 | 5844 
6489 | 6596 
562 | 766 884 I 
dea ba agi 7 199 
9701 | 9808 | 9914 | S821 | %128 
0767 | 0873 | 9979 | 1086 | 1192 
1829 | 1936 | 2042 | 2148 | 2254 


2890 | 2996 | 3102 | 3207 | 3313 
3947 | 4093 | 4159 | 4264 | 4370 
5003 | 5108 | 5213 | 5319 | 5424 
6055 | 6160 | 6265 | 6370 | 6476 
7105 | 7210 | 7315 | 7420 
8153 | 8257 | 8362 | 8466 
9198 | 9302 | 9406 | 9511 | 9615 
0240 | 0344 | 0448 | 0552 | 0656 
1280 | 1384 | 1488 | 1592 | 1695 
2318 | 2421 | 2525 | 2628 | 2732 


3353 | 3456 | 3559 | 3663 | 3766 
4385 | 4488 | 4591 | 4695 | 4798 
5215 | 5518 | 5621 | 5724 | 5827 
6443 } 6546 | 6648 | 6751 | 6853 
7468 | 7571 | 7673 |. 7775 | 7878 
8491 593 | 8695 | 8797 | 8900 
9512 | 9613 | 9715 | 9817 | 9919 
0530 | 0631 | 0733 | 0835 | 0936 
1545 | 1647 | 1748 | 1849 | 1951 
2559 | 2660 


3569 | 3670 | 3771 | 3872 | 3973 
4578 | 4679 | 4779 | 4880 | 4981 
5584 | 5685 | 5785 | 5886 | 5986 
6588 | 6688 | 6789 | 6889 | 6989 
7590 a 
8589 689 3 
9586 | 9686 | 9785 | 9889 | 9984 
0581 | 0680 | 0779 | 0879 | 0978 
1573 | 1672 | 1771 | 1871 | 1970 
2563 | 2662 | 2761 | 2860 | 2959 
3551 | 3650 
4537 | 4636 
5521 | 5619 
6502 | 6600 a4 6796 Soa 
481 | 75 676 | 7774 | 7872 
4758 | $555 


3144) 
4226 
5305 
6381 
7455 
8526 
9994 
610660 
1723 
612784 
pes 
4 
“dl 
7000 
8048 
9093 
620136 
1176 
2214 
|623249 
4282 
5312 


(ey 
389 
g410 
630428 
1444 
2457 
633468 
4477 
5484 
6488 


490 
bio 
9456 

640481 
1474 
2465 

643453 
4439 
5422 
6404 

383 

360 
9335 

650308 


2246 


653213 
417 
513 
6098 

046 
O11 
8965 
9916 

660865 

1813 


6340} 


1278 


I 2 


8458 


ie 


8107 | 8202 | 8298 | 8393 
g060 | 9155 | 9250 | 9346 | 9441 
$e11 | 106 | ®201 | 296 | ®3q1 
0960 | 1055 | 1150 | 1245 | 1339 
1907 | 2002 | 2096 | 2191 | 2286 


9432 | 953c | 9627 | 9724 | 9821 | 
0405 | 0502 | 0899 | 0696 | 0792 
1375 | 1472 | 1569 | 1606 | 1762 
2343 | 2440 | 2536 | 2633 | 2730 


330 3405 | 3502 | 3598 | 3695 
4273 | 4369 | 4465 | 4562 | 4608 
5235 | 5331 | 5427 | 9523 | 5619 
6194 | 6290 | 6386 | 6482 | 6577 
hs 


8 j 


4o10 | 4118 


5089 


2928 | 3036 | 108 


6166 | 6274 ; 108 


7241 
8312 


9381 | 9488 } 107 


®447 
1511 
2572 


3630 | 3736 | 106 
4686 | 4792 106 


5740 | 5845 | 105 
6790 | 6895 | 105 
7839 | 7943 | 105 
8884 | 8989 | 105 
9928 | 932 | 104 
0968 | 1072 | 104 
2007 | 2110 | 104 


3042 | 3146 | 104 
4076 | 4179 | 103 


5107 
6135 

161 
br85 
9206 
©224 
1241 
2255 


3266 | 3367 | 101 

“oe 4376 | 100 

5283 

6287 | 6388 | 100 
290 | 7390 | 100 


290 | 8389 | 99 
9287 | 9387] 99 


©283 | ©382 
1276 | 1375 oe 
2267 | 2366 | 99 


3255 | 3354 99 
4242 | 4340 | 98 


5226 


6208 | 6306 98 


18 


169 | 8262 | 98 


9140 | 9237 | 97 
CUIone2TO) Arar 


0987 | 1084 | 1181 ; 97 

1859 | 1956 | 2052 | 2150; 97 
2826 | 2923 | 3o1g | 3116 | 97 
3791 | 3888 | 3984 | 408c | 96 
4754 | 4850 | 4946 | 5042 96 
5715 | 5810 oS 6002 | 96 
6673 | 6769 | 6864 | 6960 | 96 
ak 7729 | 7820 age 96 
8584 | 8679 | 8774 70 | 95 
9536 | 9631 | 9726 | 9821 | 95 
©486 | ©581 | 9676 | 771 | 95 
1434 | 1529 | 1623 | 1718 | 99] 
2380 | 2479 | 2569 | 2663 | 95 
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A TABLE OF LOGARITUMS FROM 1 TO 10,000. 


662758 
3701 


5581 


7453 
3386 
9317 
‘670246 
1173 
672098 
3021 
3942 
| 4861 
5778 
6694 
71607 
8518 
9428 
680336 


681241 
2145 
3047 
S94] 
4845 
5742 
6636 
CES) 
bi00 
9309 

690196 
1081 
1965 
2847 
3727 
4609 
5482 
6356 
7229 
8101 


698970 
79838 
100704 
1568 
2431 
3291 
ALI 
§008 
5864 
6718 
07570 
q is 
9270 
JIOLIT 
0963 
1807 
2650 


3 
330 


4642) 
6518 


5167! 


ie) 


9224 | 93! 
€153 | 93! 
1080 93! 
2005 93 | 
292 2 
3850 | 92 
4769 | 92 
5687 | 92 
6602 | 92 
516 | gr 
427 | 1 | 
9337 | 91 
©249 | gI 
1151 | 91 
2055 | 90 
295 fe) 
385) <3 
4756 go 
5652 Oo 
6547 by 
440 | 89 
8331 | 89 
9220 { 89 
®107 | 89 
0993 | 89 
1877 | &8 
2759 | 88 
3639 | 88 
4517 | 8& 
5394 | 88 
6269 | 87 
142 7 
O14 87 
8883 | 87 
9751 | 87 
%617 | 89 
1482 | 86 
2344 86 
3205 | 86 
4065 | 86 
4922 | 86 
5778 | 86 
6632 | 85 
7485 | 85 
| 8336 | 85 
9185 | 85 
e335 |arS 
0879 | 85 
1723 84 
2566 | 84 
3407 | 84 
4246 | 84 
5084 | 84 
5920 | 84 
9 D. 


Msg 


A TABLE OF LOGARITHMS FROM 1 TO 10,000. ¥ 
is Say ae seca be) aay Sa DS eer eT) Pca 
N, | Ce) I 2 3 4 5 6 7 8 9 [-D..) 
520 |716003| 6087 | 6170 | 6254 | 6337 | 6421 | 6504 | 6588 | 6671 | 6754 | 83 
521 | 6838} 6921 | 7004 | 7088 | 7171 | 7254 | 7338 | 7421 | 7504 Jey 83 
522 | 7671| 7794 | 7837 |. 7920 | 8003 | 8086 | 8169 $253 3336 | 841 83 
523 | 8502| 8585 |} 8668 | 8751 | 8834 | 8917 | gooo | 9083 | 9165 | 924 83 
524 | 9331| 9414 | 9497 | 9980 | 9663 | 9745 | 9828 | 9911 | 9994 | 9977 | 83 
525 |720159, 0242 | 0325 | 0407 | 0490 | 0973 | 0655 | 0738 | 0821 | ogo3 | 83 
526 | og86j 1068 | 1151 | 1233 | 1316 | 1398 | 1481 | 1963 | 1646 | 1728 | 82 
527 1811| 1893 | 1975 | 2058 | 2140 | 2222 | 2305 | 2387 | 2469 | 2552 | 82 
528 | 2634} 2716 | 2798 | 2881 | 2963 | 3045 | 3127 | 3209 | 3291 | 3374 | 8a 
529 3456| 3538 | 3620 | 3702 { 3784 | 3866 ; 3948 | 4030 | 4112 | 4194 89 
530 |724276| 4358 | 4440 | 4522 | 4604 | 4685 | 4767 | 4849 | 4931 | 5013 | 82 
431 5095| 5176 | 5258 | 5340 | 5422 | 5503 | 5985 566 5748 | 5830 8 
532 5912] 5993 | 6075 | 6156 | 6238 | 6320 | 6401 | 6483 | 6564 | 6646 | 82 
533 | 6727| 6809 | 4890 | 6972 | 7053 | 7134 | 7216 | 7297 | 7379 | 7460 | 81 
534 | 7541| 7623 | 7704 | 7785 | 7866 | 7948 | 8029 | 8110 | Big1 | 8273 | 81 
535 | 8354| 8435 | 8016 | 8597 | 8678 | 875g | 8841 | 8922 | g003 | go84 | 81 
536 | 9165) 9246 | 9327 | 9408 hae 9070 | 9651 | 9732 | 9813 | 9893 | 81 
537 9974 @055 | ©136 | 217 | ©2908 | 378 | ®459 | 9940 | 621 | 702 | 81 
538 |730782| 0863 | 0944 | 1024 | 1105 | 1186 | 1266 | 1347 | 1428 | 1508.) 81 
539 | 1989] 166g | 1750 | 1830 | 1911 | 1991 | 2072 ; 2192 | 2233 | 2313 | 81 
540 |732394| 2474 | 2995 | 2635 | 2715 | 2796 2876 | 2956 | 3037 | 3117 | 80 
541 | 3197| 3278 | 3358 | 3438 | 3518 | 3598 | 3679 | 3759 | 3839 | 3919 | 80 
542 | 3999] 4079 | 4160 | 4240 | 4320 | 4400 | 4480 | 4900 | 4640 | 4720 | 80 
543 | 4800| 4880 | 4960 | S040 | 5120 | 5200 | 5279 | 5359 | 5439 | 5519 | 80 
544 | 55g9| 5679 | 9799 | 5838 | 5918 | 5998 | 6078 6157 | 6237 | 6317 80 
545 | 6397| 6476 | 6556 | 6635 | 6715 | 6795 | 6874 | 6994 | 7034 | 7113 | 80 
546 | 7193 ve 7352 | 7431 | 7511 | 7990 ie 7149 | 7829-| 7908 | 179 
547 1937 067 | 8146 | 8225 | 8305 | 8384 | 8403 | 8943 | 8622 | 8701 | 79 
548 781| 8860 | 8939 | go18 9097 9177 | 9256 | 9335 | 9414 | 9493 | 79 
549 | 9972] 9651 | 9731 | 9810 | 9889 | 9968 , 9°47 | 126 | 205 | e284 | 79 
550 |740363| 0442 | 0521 | 0600 | 0678 | 0757 | 0836 | e915 | 0994 | 1073 | 719 
551 | 1152} 1230 | 1309 | 1388 | 1467 | 1546 | 1624 | 1703 | 1782 | 1860 ) 79 
552 1939} 2018 2096 | 2179 | 2254 | 2332 | 2411 Aa 2968 | 264 794 
553 | 2729) 2804 | 2882 | 2961 | 3039 | 3118 | 3196 | 3279 | 3353 | 3431 | 78) 
554 | 3510| 35988 | 3667 | 3745 | 3823 | 3902 | 3980 | 4098 | 4136 | 4215 | 78 
555 | 4293) 4371 | 4449 | 4928 | 4606 | 4684 | 4762 | 4840 | 4919 | 4997 | 78 
556 | 5075| 5153 | 5232 | 5309 | 5387 | 5465 | 5543 | 5621 | 5699 | 5777 | 78 
55 5855| 5933 | 6011 | 6089 | 6167 | 6245 | 6323 | 6401 | 6479 | 6956 | 78 
55 6634) 6712 | 6790 | 6868 | 6949 | 7023 | 7101 | 7179 ! 7296 | 7334 | 78 
559 | 7412] 7489 | 7967 | 7649 | 7722 | 7800 | 7878 7999 | 8033 | 8110 | 78 
560 |748188) 8266 8343 | 8421 | 8498 | 8576 | 8653 8731 | 8808 | 8885 aa 
561 | 8963] 9040 | 9118 | 9195 | 9272 | 9350 | 9427 | 9904 | 9582 | 9659 | 77 
562 9736} 9814 9891 | 9968 | 945 | 123 | ©200 | °277 | 9354 | 9431 77 
563 |750508] 0586 | 0663 | 0740 | 0817 | 0894 | 0971 1048 | 1125 | 1202 | . 77 
564 | 1279] 1356 | 1433 | 1510 | 1587 | 1664 | 1741 1818 | 1895 | 1972 | 77 
565 | 2048] 2125 | 2202 | 2279 | 2356 | 2433 | 2509 2586 | 2663 | 2740 | 77 
566 2816| 2893 | 2970 | 3047 | 3123 3200 | 3277 3353 | 3430 | 3506 11 
567 | 3583) 3660 | 3736 | 3813 | 3889 | 3966 | 4042 ae 4195 | 4272 | 77 
568 | 4348) 4425 | 4001 | 4578 | 4654 | 4730 | 4807 | 4883 | 4g60 | 5036 | 76 
569 | 5112| 5189 | 5265 | 5341 | 5417 | 5494 | 5570 5646 | 5722 | 5799 | 76! 
570 |755875| 5951 be 6103 | 6180 | 6256 | 6332 | 6408 ! 5484 | 6560 | 76 
571 | 6636| 6712 | 6788 | 6864 | 6940 7016 | 7092 | 7168 | 7244 | 7320 | 76 
572 | 7396) 7472 7948 | 7624 lire 7775 | 7851 | 7927 | 8003 | 8079 | 76 
573 8155| 8230 | 8306 | 8382 458 | 8533 | 8609 | 8685 | 8761 | 8836 | 76 
574 | 8912] 8988 | 9063 | 9139 | 9214 | 9290 | 9366 | 9441 9517 | 9592 | 76 
575 | 9668, 9743 | 9819 | 9894 | 997° @e/5 | @121 es 272 | 347 | 75 
576 |760422| 0498 | 0573 | 0649 | 0724 | 9799 | 0875 | ogo0 1025 | 1101 | 75 
577 1176} 1251 | 1326 | 1402 | 1477 1552 | 162 1702 | 1778.1 1853 |. 75 

| 578 | 1928) 2003 | 2078 | 2153 | 2228 | 2303 | 237 2453 ae 2604 | 75 

| 579 | 2679, 2754 | 2829 | 2904 | 2978 | 3053 | 3128 3203 | 3278 | 3353 | 75 
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es C0) P 4 | 2851 2897 a: 9527 
= 2 94 
3 2989 
4 ———__— 
5416 
at 7 


25 


16 


N. 


940 
941 
942 
943 
944 
945 
946 


A TABLE OF LOGARITHMS FROM-1 ‘to 10,000. 


Ole ter 


973128) 3174 
3590 3646 
4051| 4097 
4512) 4558 
4972| 5018 
5432| 5478 
5891, 593 
6350 63 
6808, 6854 
7266 7312 


1977724, 7769 
, tis 8226 
8637) 8683 
g093 9138 
9948, 9594 
}980003° oe 

ase 050. 

12) 0957 

66, 1411 
1819) 1864 


982271! 2316 
2723 2769 
3175) 3220 
3626! 3671 
A077), 4122 
4527) 4572 
497] 5022 
5426) Gala 
5875, 592 
6324. 6369 


986772! 6817 
7219) 7264 
7666) 7711 
8113) 8157 
8559 8604 
9005) 9049 
9450 oes 


9985731 038 
4 0827s 


991226] 1270 
1669! 1713 
2111 ie 

2554 

rs a 


3436 3980 
3877| 3921 
4317) 4361 
4757| 4801 
5196| 5240 


995635) 567 
6074! bun 
6512) 6555 
6949) 6993 
7386, 7430 
7823) 7867 
8259} 8303 
8695| 8739 
QI3I) 9174 
9565) 9609 


i) I 


8 | 


“ 


A TABLE 
OF 
LOGARITHMIC 


SINES AND TANGENTS 


FOR EVERY 


DEGREE AND MINUTE 


OF THE QUADRANT. 


ReMARK. The minutes in the left-hand column of each 
page, increasing downwards, belong to the degrees at the 
top; and those increasing upwards, in the right-hand column, 
belong to the degrees below. 


18 .0 DEGREES.) A TABLE OF LOGARITHMIC 


M. 
Co) 

1 | 6-463726 
2 764756 
3 940847 
4 | 7:065786 
if 162696 
€ 241877 
308824 
§ 366816 
417968 
re 463725 
11 | 7:905118 
12 542906 
13 577668 
14 609853 
15 639816 
16 667845 
17 694173 
18 | 718997 
19 | 742477 
20 164754 
21 | 7:785943 
22 06146 
23 825451 
24 843934 
25 861662 
26 878695 
2 895085 
2 g10879 
2 g20119 
30 940842 
31 | 7-955082 
32 368870 
33 982233 
34 gente 
35 | 8-007787 
36 020021 
3 031919 
3 043501 
2a 054781 
40 065776 
41 _| 8-076500 
42 086965 
43 097183 
44 ane) 

45 11692 
46 126471 
47; 135810 
48 144953 
49 153907 
50 162681 
51 > 3-171280 
Hono is 
53 187985 
54 196102 
a) 204070 
56 ' 211896 
5 219581 
5 227134 
59 ert 

6o Bee 

leCeniaeae osine 


| Cosine 


10-000000 


000000 
000000 
000000 
000000 
000000 


| 9°999999 


999999 
999999 
9999! 
99999 


9-999998 
999997 
999997 
999996 
999996 
999999 
999999 
999994 
999993 
999993 


9-999992 
999991 
999990 
eee 
99998 
999988 
99998] 
999988 
999985 
999983 


9-999982 
999981 
999980 
999979 
99997 
99997 
999979 
999978 
999972 
999971 


9999989 
999908 
999966 
999964 
999963 
999961 
999959 
99995 
999999 
999954 


9+999952 
999950 
999948 
999946 
999944 
eee 
999940 
999938 
999936 


999934 


Sine 


+04 
eee 


Tang. 


0-000000 
6-463726 
764756 
940847 
| 7-065786 
162696 
241878 
308825 
366817 
417970 
463727 
7+505120 
542909 
577672 
609857 
639820 
667849 
694179 
719004 
742484 
764761 
785951 
d 06255 
825460 
843944 
861674 
878708 
895099 
910894 
o26144 
940858 


7:955100 
36888 
982254 

521 
aoe. 
020049 
031 45 
043527 
054809 
065806 

8.076531 
086997 
097217 
107202 
116963 
126510 

1 135851 

oe. 

153952 

162727 


8.171328 
179763 
198036 
196156 


204126 
211953 
219641 
227195 
234621 
241921 


(89 DEGREES.) 


| Cotang. 


Cotang. 


Infinite. 


13-536274 
235244 
059153 

a Carbe 


304 
ribi29 
633183 


582030 
536273 


a ed 
457091 
422328 
390143 
360180 
332151 
305821 
280997 
257516 
235239 


12-21404 
193845 
174540 
156056 
138326 
121292 
104901 
089106 
073866 
059142 


12044900 
O3111I 
017747 
004781 

I1+992191 
97 089 
968055 


956473 
945191 
934194 
11-92346 
91300. 
reais 


s83ody 
87349 

84149 
855004 
846048 
837273 


11-828672 
820237 
811 
803844 
795874 
188047 
78035 
77280 


765379 
7158079 


Se eting: 


| Om” WOH OO CO 


Ez 


SINES AND TANGENTS. 


M. Sine 
ce | 8-241855 
I 249033 
2 256094 
3 263042 
4 269881 
= arora 
5 283243 
‘I 289773 
8 296207 
9 302546 
Io 308794 
11 | 8-314904 
12% 321027 
13 327016 
14 332924 
15 338753 
16 344504 
17 350181 
18 355783 
19 361315 
20 366777 
21 | 8- pelle 
22 114 
23 362902 
24 387962 
25 393101 
26 398179 
2 403199 
2 408161 
29 413068 
30 417919 
31 | 8-422717 
32 427462 
33 432156 
34 436800 
35 441394 
36 445941 
37 450440 j 
38 454893 
39 459301 
40 763665 
41 | 8-467985 
42 472263 
Ao, ree 
445. 06¢3 
45 131818 
46 488963 
4] 493040 
48 497078 
49 501080 
50 Rees 
51 | 8-50897 
52 51286 
53) 516726 
54 520555 
55 524343 
56 528102 
57 | 531828 
58 535523 
59 539186 
60 542819 


Cosine 


9: 


oe 


No) 


999934 
999932 
999929 
999927 
999929 
999922 
999920 
999918 
999915 
999913 
999910 


999997 


999909 
999' o2 
999899 
999897 
999894 
999891 
999888 
999885 
999882 


999879 
999876 
999873 
999870 
999867 
999864 
999861 
999858 
999854 
999851 


999848 


Lee 
999241 
999838 
999834 
999831 
999821 
999823 
999820 
999316 


999812 


999809 
999809 
999801 
999197 
999793 
9997 

3766 
999782 
999778 


“9997]8 


9997 
soo 
999761 
99979] 
99979 
999748 
als 
999 
999735 


Sine 


D. | Tang. 
8. 


co 


(1 DEGREE.) 


241921 
249102 
256165 
263115 
269956 
276691 
283323 
289856 
296292 
302634 
308884 


-315046 


321122 
327114 
333025 
338856 
344610 
35028 

355895 
361430 
366895 


bapa 


Sines 
382889 
388092 

393234 
398315 
403338 
408304 
413213 
418068 


een 


42761 
432315 
62 
441560 
446110 
450613 
455070 
459481 
463849 


- 468172 


472494 
4 6693 


io 
89170 
250 
191293 
501298 
505267 


-509200 


513098 
516961 
520790 
524586 
528349 
532080 
29 
ried 
084 


Cotang. 


(88 DEGREES.) 


tana | 


II+ 11-758079_ 


I 


I 


I 


I 


I 


[ 


— 


~ 


1 


i 


geen 4 


550898 
743835 
736885 
730044 
7233 
ee 
710144 
703708 
697366 
691116 


678878 
672886 
666975 
661144 
655390 
649711 
644105 
638570 
633105 


-627708 


622378 
617111 
611908 
606766 
601685 
596662 
591696 
386787 


581932 


-577131 


572382 
567685 
563038 
558440 
553890 
54938 


sieht 


orbs 


-531828 


527546 
52330 

Biorees 
514950 
510830 
506750 
502707 
498702 
494733 


spaorea 


486902 
pie 

210 

13414 
pe 
467920 
464221 
460553 


456916 


Tang 


(2 DEGREES.) A TABLE OF LOGARITHMIC 


Cotang. 


60-12 |11+456916 | 60 
59-62 453309 | 5 
59-14 449732 | 5 
58-66 446183 | 57 
58-1 442664 | 56 
57°7 439172 | 55 


Cosine Tang. 


M. Sino c 
9 | 8.542810 | Gonos | p-000735 | oy | BeDesOe 
$42819 | 60-06 | 9-999735 | -07 | 8-5é308 


9997125 Mea 
549995 59:06 999726 | +07 550268 
553539 58-58 999722 | -08 553817 
557054 | | 58-11 999717 | -08 557336 
560540 57-65 999713 | +08 560828 
563999 57-19 999708 | -08 564291 | 57-27 43 799 54 


567431 56-74 999704 | :08 567727 | 56-82 432273 | 53 | 
570836 56.30 999699 | +08 571137 | 56-38 428863 | 52 


674214 55-87 999694 | -08 574520 | 55-95 425480 | 51 
577566 55-44 999689 | -08 577877 | 55-52 422123 | 5o 


8580892 55-02 | 9-999685 | -08 | 8-581208 | 55-10 Teareag? 4 
584193 54-60 | 999680 | -08 584514 | 54-68 415486 
587469 54-19 999675 | -08 587795 | 54:27 412205 | 47 
590721 53-79 999670 | -08 5giod1 | 53-87 408949 | 46 
593948 53-39 999663 | -08 594283 | 53-47 405717 | 45 
597152 53-00 999660 | -08 597492 | 53-08 402508 | 44 
600332 52-61 999655 | -08 600677 | 52-70 399323 | 43 
60348 52-23 999650 | -08 60383 52-32 396161 | 42 
606623 51-86 999645 | +09 60697 51-94 eae 41 
609734 51 49 999640 | +09 610094 | 51-58 389906 | 40 


8.612823 51-12 | 9+999635 | -o¢ | 8-613189 | 51-21 |11-386811 | 39 
615891 50-76 999629 | +o, 616262 | 50-85 383738 | 38 
618937 50-41 999624 | +09 619313 | 50-50 380687 | 37 
621962 50-06 999619 | +09 622343 | 50-15 gf | 36 
624965 49°72 999614 | +09 625352 | 49-81 37464 

627948 49:38 999608 | +09 628340 | 49-47 371660 } 34 
630911 49-04 999603 | +09 631308 | 49-13 368692 | 33 
633854 48-71 999597 | +09 634256 | 48-80 365744 | 32 
636776 48-39 999592 | +09 637184 | 48-48 362816 | 31 
639680 48-06 999586 | +09 640093 | 48-16 359907 | 30 


8.642563 47-75 | 9-999581 | -09 | 8642982 | 47-84 |11-357018 | 2 
645428 47-43 999575 | +09 645853 47:53 354147 | 2 


648274 47 +12 999570 | +09 648704 | 47-22 351296 | 27 
651102 40-82 999564 | +09 651537 | 46-91 348463 | 26 
653911 46-52 999558 | +10 654352 | 46-61 345648 | 25 


656702 46-22 999553 | +10 657149 |~ 46-31 342851 | 24 
659475 45-92 999547 | -10 659928 | 46-02 340072 | 23 
662230 45-63 999541 | +10 662689 | 45-73 337311 | 22 | 
664968 45-35 999535 | -10 665433 | 45-44 334567 | 21 
667689 45-06 999529 | +10 668160 | 45-26 331840 | 20 

orereee? 44:79 | 9999524 | -10 | 8-670870 | 44-88 |1 
673080 


i) 


| 8 329130 | 1 
44-51 999918 | +10 673563 | 44-61 326437 | 1 
675751 44:24 999912 | +10 676239 | 44-34 323761 | 17 
678405 43-97 999506 | +10 678900 | 44-17 321100 | 16 
681043 43-70 999500 | -10 681544 43-80 : 318456 | 15 
683665 | 43-44 999498 “10 ae 43-54 | 315828 | 14 
686272 43-18 999487 | +10 686784 | 43-28 313216 + 13 

688863 42+92 999481 | +10 §89381 | 43-03 310619 | 12 | 


691438 42-67 999475 | +19 691963 | 42:77 308037 | 11 
693998 42-42 999469 | +10 694529 | 42-52 305471 | ro 


8.696543 42-17 | 9:999463 | «11 | 8.697081 | 42:28 |11-30291 
699073 41-92 999496 | «11 699617 | 42-03 300383 
701589 41-68 999450 | +11 702139 | 41-79 297861 
704090 | 44-44] 999443 | «11 | 704646 | 41-55 | 295354 
706577 41-21 999437 | +11 707140 | 41-32 292860 
109049 40:97 999431 | «11 709618 | 41-08 290382 

28991 


711507 40°74 999424 | +11 712083 | 40-85 
713952 40-51 999418 | +11 714534 | 40-62 285465 
716383 40-29 999411 | +11 716972 | 40+40 283028 
718800 40-06 999404 | +11 719396 | 40-17 280604 


J on w wm acu wo 


a 


Cosine | D. Sine |b Odie. | D. | Tang. 


| 
| 


(87 DEGREES.) 


SINES AND TANGENTS 


MM. Sine 
0 | 8-718800 
I 721204 
2 723565 
3 725972 
4 728337 
5 730688 
6 733027 
7 735354 
8 737667 
9 | 739965 
1c 742299 
1t | 8+744536 
12 7146802 
13 749055 
14 7512 
15 453598 
16 | 755747 
I 757955 
I 760151 
19 762337 
20 764511 
21 | 8-766675 
22 768828 
23 779970 
24 773101 
25 775223 
26 7717333 
27 779434 
28 781524 
29 783605 
30 785675 
31 | 8-787736 
32 48978 
33 791525 
34 | 193859 
35 795881 
Py mips 
38. | Sz890 
39 803876 
40 805852 
41 | 8+807819 
42 809777 
43 Sere 
44 813667 
45 815599 
46 817522 
47 819436 


48 821343 
4G | 823240 
50 | 825130 


5. | 8-827011 
52 828884 
53 830749 
54 83260 
55 83445 
56! 836297 
he 

399 
59 | 841774 
60 6/3563 


Casine 


| 9°999404 


| 


Cosine 


999398 
999391 
999384 
999378 
999371 
eo 
999397 
999350 
999343 
999336 


9°999329 
999322 
g99319 
999308 
999301 
999294 
95786 
999279 
999272 
999265 

9+999257 
poe 
99924 
999235 
999227 
999220 
999212 
999209 
299"3) 
999109 


ee 
999166 
999158 
999150 
999142 
999134 
999126 
999118 
9gglio 


Ea ete 

99 

B06 
999977 
999009 
999061 
999053 
999044 
tes 
999027 


9-999019 
999010 
99 002 
99 oe 
998984 
998976 
998967 
998958 
998950 


998941 | - 


Sine 


(3 DEGREKS., 


(86 DEGREES.) 


Tang. 

8-719396 | 40-17 
721806 | 39-95 
724204 39-74 
726588 | 39-52 
(ae) 39-30 
731317 | 39-09 
733663 | 38-89 
735996 38-68 
738317. 38-48 
740626 | 38-27 
742922 38-07 

8-745209 37-87 
747479 | 37-68 
749740 | 37-49 
791989 | 37-29 
754227 37-10 
7156453 | 36-92 
758668 | 36-723 
760872 | 36-55 
763065 | 36-36 
765246 36-18 

8-767417 | 36:00 
769578 | 35-83 
771727 | 35-65 
7733866 | 35-48 
775995 | 35-31 
778114 | 35-14 
780222 | 34-97 
782320 | 34-80 
784408 | 34-64 
786486 | 34-47 

8.788554 | 34-31 
790613 | 34-15 
792662 | 33-99 
794701 | 33-83 
796731 | 33-68 
798752 | 33-52 
800763 | 33-37 
802765 | 33-22 
804758 | 33-07 
806742 32-92 

8-808717 | 32-78 
810683 | 32-62 
812641 32-48 
814589 | 32-33 
816529 | 32-1 
818461 | 32-0 
820384 | 31-91 
822298 | 31°77 
824205 | 31-63 
826103 | 31-50 

8-827992 | 31-36 
829874 | 31-23 
831748 | 31-10 
833613 | 30-96 
835471 30-83 
837321 | 30-70 
839163 | 30-57 
840998 | 30-45 
842825 | 30:32 
844644 | 30-19 

Cotang. | D. 


Cotang. 


Il 


I 


a 


TI 


II 


16 i 


+ 280604 


278194 
275796 
273412 
271041 
268683 
266337 
264004 
261683 
259374 
257078 


+254793 
252521 
250260 
248511 
245773 
243547 
241332 
239123 
236935 
234754 
+ 232583 
230422 
228273 
226134 
224005 
poe 
21977 

aero 
215592 
213514 


+211446 
209387 
207338 
205299 
20326 
20124) 
199237 
ae 
199242 
193258 


+191283 
189317 
187359 
185411 
183471 
181539 
179616 
177702 
179795 
173897 
172008 
170126 
168252 
166387 
164529 
162679 
160837 
159002 
157175 
155356 


Tang. 


22 (4 DEGREES.) A TABLE OF LOGARITHMIC 


M. Cosine Tang. I Cotang. 

o | 8-843585 | 30-05 | 9-998941 | -15 | 8-844644 | 30-19 |11-155356 | 60 | 
I 845387 | 29-92 z ooba33 +15 846455 | 30-07 153545 

2 847183 | 29-80 998923 | -15 848260 | 29-95 151740 | 

3 

4 

5 852525 | 29-43 wee +15 853628 | 29-58 146372 | 55 
6 854291 | 29-31 998887 | +15 855403 | 29-46 144597 | 54 

856049 |. 29-19 998878 | -15 857171 | 29°35 142829 | 53 

3 857801 | 29-07 998869 | -15 858932 | 29-23 141068 | 52 
9 859546 | 28-96 998860 | «15 860686 | 29-11 139314 | 51 
Ic 861283 | 28-84 998851 | +15 862433 | 29-00 137567 | 50 


13 866455 | 28-50 998823 | -16 867632 | 28-66 132368 | 47 
14 868165 998813 | -16 869351 28-54 130649 | 46 
15 869868 | 28-2 998804 | +16 871064 | 28-43 128936 | 45 
16 871565 | 28-17 993795 «16 872770 | 28-32 127230 | 44 
I 873255 | 28-06 998785 | «16 874469 | 28-21 125531 | 43 
I 874938 | 27-95 908776 | -16 876162 | 28-11 123838 | 42 
19 876615 | 27-86 998766 | -16 877849 | 28-00 122151 | 41 
20 878285 | 27-73 | ° 998757 | -16 879529 | 27-89 159471 | 40 


21 | 8.879949 | 27-63 | 9:998747 | «16 | 8-881202 | 27-7 Pasa 39 
22 881607 | 27-52 998738 | +16 882869 | 27-6 117131 

23 883258 | 27-42 998728 | +16 884530 | 27-58 115470 | 37 
24 884903 | 27-31 998718 | -16 886185 | 27-47 113815 | 36 
25 886542 | 27-21 998708 | -16 887833 | 27-37 112167 | 35 
26 888174 | 27-11 99899 +16 889476 | 27-27 110524 | 34 
27 889801 | 27-00 998689 | +16 8g1112 | 27-17 108888 | 33 
28 891421 | 26-90 998679 | -16 892742 | 27-07 107258 | 32 
29 893035 | 26-80 998669 | +17 894366 | 26-97 105634 | 31 
30 894643 | 26-70 998659 | +17 895984 | 26-87 104016 | 30 


31 | 8-896246 | 26-60 | 9:998649 | +17 | 8+897596 | 26-77 |11-102404 | 2 
32 897842 | 26-51 998639 | +17 899203 | 26-67 - 100797 | 2 
33 899432 | 26-41 998629 | +17 g00803 | 26-58 099197 | 27 
34 go1ol7 | 26-31 998619 | -17 902398 | 26-48 - 097602 | 26 
35 902596 | 26-22 998609 | +17 903967 26-38 096013 | 25 
36 go4169 | 26-12 998599 | +17 905570 | 26-29 094430 | 24 
37 905736 | 26-03 99858 17 907147 26-20 092853 | 23 
38 907297 | 25-93 998578 | +17 90871 26-10 091281 | 22 

208883 25-84 998568 | +17 es 26-01 089715 | 21 
4o g10404 | 25-75 998558 | +17 911846 | 25-92 088154 20 


41 | 8-91194 25-66 | 9998548 | +17 | 8-913401 | 25-83  j11-+986399 | 1 
42 913488 25-56 998537 | +17 914951 | 25-74 085049 | 1 
43 915022 | 25-47 998527 | +17 916495 | 25-65 083505 | 17 
44! 916550 | 25-38 998516 | +18 918034 | 25-56 081966 | 16 
45 918073 | 25-29 998506 | +18 919568 | 25-4 080432 | 15 
46 919591 | 25-20 aye +18 921096 | 25-3 078904 | 14 
47 921103 | 25-12 998485 | +18 922619 | 25-30 077381 | 13 
48 922610 | 25-03 998474 | +18 924136 | 25-21 075864 | 12 
49 924112 | 24-94 998464 | +18 | | 925649 | 25-12 074351 | 11 
So 925609 | 24-86 998453 | +18 927156 | 25-02 072844 | 10 


51 | 8.927100 | 24-77 | 9°998442 | -18 | 8-928658 | 24-95 |r1 071342 


iw] 
ore) 
w 


| 

3 | 

848971 | 29-67 998914 | +15 850057 | 29-82 149943 | 57 
850251 a) 998905 | +15 851846 | 29-70 148154 56 


on 
i) 


928587 | 24-69 998431 | +18 930155 | 24-86 069845 8 
53 930068 | 24-60 998421 | -18 931647 | 24-78 068353 
54 931544 | 24-52 998410 | -18 933134 | 24-70 066866 Bi 
55 933015 24-43 ees) +18 934616 24-61 065384 5 
56 934481 } 24-35 9983 +18 936093:| 24-53 06390 4 
5 935942 | 24-27 998377 | -18 937565 | 24-45 06243 3 
5 ae 24-19 998366 | -18 939032 | 24-37 060968 | 2 
938850 I 
co) 


24-11 998355 | -18 940494 | 24:30 059906 
940296 | 24-03 998344 | +18 941952 | 24-21 058048 


11 | 8-863014 | 28-73 | 9-998841 | -15 | 8-864173 | 28-88 [11-135827 | 4 
12 864738 | 28-61 ; “998832 | -15 865906 | 28-77 134094 | 4 
| 
! 


; Cosine D. Sine | Cotang, D3 Tang. | M. 


—— 


(85 DEGREES.) 


= 


OO OIMRAR Whe Dd 


Io 
II 
12 


SINES AND TANGENTS. 


Sine 
gee 
941738 
943174 
944606 
946034 
947456 
948874 
990287 
951696 
953100 
994499 
8-955894 
927284 
958670 
960052 
961429 
962801 
964170 
965534 
966893 
968249 
8.969600 
97°947 
9712289 
973628 
74962 
976293 
971619 
97°941 
98025 
98157 


8- 982883 
984189 
985491 
986789 
988083 
989374 
990660 
991943 
993222 
994497 

8-995768 
es 036 
o9e200 
999560 

g- 000816 
00206 
00331 
004563 
005805 
007044 

9: 008278 
009510 
010737 
011g62 
013182 
014400 
015613 
016824 
018031 
019235 


31 , QI: : 
32 : 
33 : 
YA : 
35 + S¢- 
, 
g . 
38 : 
39 . 
40 . 
Al « 3 
42 : 
43 : 
44 . 
45 : : 
46 . 
47 . 
48 : 
49 : 
59 i 
51 a . : 
52 : 
53 : 
E 54 . 
55 . 
2 : 
: : 
60 Ci 
2 CO 
__ | Cozine 


(5 DEGREE.) 


(84 DEGREES.) 


Cosine | D. Tang. 

9:998344 | +19 | 8-941952 | 24-21 +05 
998333 | +19 943404 | 24-13 056596 
998322 | +19 944852 | 24-05 055148 
998311 | +19 946295 | 23-97 053705 
998300 | -19 941734 | 23-90 052266 
998289 | +19 949168 | 23-82 050832 
998277 19 950597 | 23-74 049403 
998266 | -19 952021 | 23-66 047979 
998255 | -19 953441 | 23-60 on 
998243 19 954856 23-00 045144 
998232 | -19 956267 | 23-44 043733 

6998220 | +19 | 8-957674 | 23-37 |11-042326 
998209 | 19 959075 | 23-2 040925 
O79) +19 960473 | 23-2 039927 
998186 19 961866 23-14 038134 
998174 | +19 963255 | 23-07 036745 
998163 | +19 964639 | 23-00 035361 
998151 19 g66019 | 22-93 033981 
998139 | +20 oo 22-86 032606 
998123 | +20 968766 | 22-79 031234 
998116 | -20 970133 | 22-71 029867 

9-998104 20 los 22-65 |11-028504 
she 20 972895 | 22-57 027145 
998080 | -20 974209 | 22-51 025791 
998068 | -20 975560 | 22-44 024440 
998056 | -20 976906 | 22-37 oun 
998044 | +20 978248 | 22-30 021702 
998032 | -20 979586 | 22-23 020414 
998020 | -20 g80g21 | 22-17 019079 
998008 | +20 982251 | 22-10 01774 
997996 | +20 983577 | 22-04 016423 

9:997985 | -20 | 8-984899 | 21-97 |11-015101 
997972 | +20 986217 | 21-91 013783 
997959 | +20 987532 | 21-84 012468 
997947 | +20 988842 | 21-78 | 011158 
997939 | +21 990149 | 21-71 pat re 
997922 | +21 991451 | 21-05 008549 
997910 | °21 992750 | 21-58 007250 
997897 | <2 994045 | 21-52 005955 
391885 +21 999337 | 21-46 004663 
997872 | +21 996624 | 21-40 003376 

9-997860 | -21 | 8+997908 | 21-34 |11-002092 
997847 | +21 999188 | 21-27 000812 
997835 | +21 | g-000465 | 21-21 |10+999535 
997822 | +21 001738 | 21-15 998262 
997809 | -21 003007 | 21-09 996993 
le +21 004272 | 21-03 999728 
997794 | +21 005534 | 20:97 994466 
997771 | +21 006792 | 20-91 993208 
997798 | +21 008047 | 20-85 991953 
997749 | +21 009298 | 20-80 990702 

9°997732 | +21 | 9010546 | 20-74 isos 
997719 | +21 011790 | 20-68 988210 
997706 | +21 o13031 | 20-62 986969 
997693 | +22 014268 | 20-56 985732 
997680 | -22 015502 | 20-51 984498 
997667 | :22 016732 | 20-45 983268 
997654 | +22 017959 | 20-40 982041 
997641 | +22 019183 | 20-33 980817 
997628 | -22 020403 20-28 979297 
997614 | +22 021620 | 20-23 9718380 
Sine Cotang. | D. | Tang. 


M. 


\ 


bs 
ns 


\6 DEGREES.) <A TABLE OF LOGARITHMIC 


Sine Dz. | Cosine 


Tang. 


019235 | 20:00 | 9:997614 | +22 | g:021620 
2 020435 19°95 997601 | +22 022834 
021632 | 19:89 997988 | -22 024044 
022825 | 19:84 997574 | +22 025251 
024016 | 19-78 997561 | -22 026455 
025203 | 19-72 997947 | °22 027655 
026386 | 19-67 997534 | +23 028852 : 
027567 | 19-62 997520 | +23 030046 , 19-85 es , 33 


ee = 
OAOUP WH He OAD DOI OAR wwe Oo ! 


028744 | 19-57 997507 | +23 03123 19°79 968763 | 52 
029918 19-59 997498 +23 032425 19°74 967575 | Sr | 
031089 | 19+47 997480 | -23 033609 | 19-69 966391 | 50 
-032257 | 19-41 | 9*997466 | -23 | 9:034791 | 19°64 |10-965209 | 4 
‘ 033421 19-36 997452 | .23 035969 | 19-58 g64031 | 4 
034582 | 19-30 | 997439 | -23 037144 | 19-53 962856 | 47 
035741 | 319-25 997429 | .23 038316 | 19-48 961684 | 46 } 
636896 | 19-20 997411 | -23 039485 | 19-43 960515 | 45 
038048 | 19-15 997397 | -23 040651 19°38 959349 | 44 
039197 | 19:10 997383 | -23 041813 | 19-33 958187 | 43 
040342 19-05 997369 | -23 042973 | 19-28 g57027 | 42 
19 041485 18-99 997355 | .23 044130 19°23 955870 | 41 
20 042625 | 18-94 997341 | -23 045284 | 19-18 954716 | 40 
21 -043762 | 18-8 9:997327 | -24 | 9:046434 | 19-13 |10-953566 | 3 
22 4 044895 18-84 997313 | -24 047582 | 19-08 952418 | 3) 
23 046026 | 18-7 °97299 +24 048727 | 19-03 951273 | 37 
24 047154 19-45 997285 | -24 seta 18-98 g50131 | 36 
25 048279 | 18-70 997271 | «24 05100 18-93 pee 35 
26 049400 | 18-65 997297 | -24 052144 | 18-89 947856 | 34 
2 05051 18-60 997242 | -24 053277 | 18-84 946723 | 33 
2 05163 18-55 997228 | -24 054407 | 18-79 945593 | 32 
29 052749 | 18-50 997214 | «24 055535 18-74 944465 | 31 
30 053859 | 18-45 997199 | +24 056659 | 18-70 943341 | 30 
31 | 9:054966 | 18-41 | 9+997185 | -24 | 9-057781 | 18-65 |10-942219 | 2 


39984 
34 058271 | 18-27 997141 | +24 o61130 | 18-51 38870 26 
35 059367 | 18-22 997127 | -24 062240 | 18-46 937760 | 25 
36 060460 | 18-17 997112 | -24 063348 | 18-42 936652 | 24 
3 061551 | 18-13 997098 | «24 064453 | 48-37 935547 | 23 
3 062639 18-08 997083 | .25 065556 18-32 934444 | 22 
39 063724 | 18-04 997068 | .25 066655 | 18-28 933345 | 21 
40 064806 | 17-99 997003 | -25 067752 | 18-24 932248 | 20 


41 | 9-065885 | 17:94 | 9:997039 | -25 | 9-068846 | 18-19 |10-931154 | 1 
42 066962 | 17-90 997024 | -25 069938 | 18-1 930062 | 1 
43 068036 | 17-86 997009 | +25 071027 | 18-10 928973 | 17 
44 069107 | 17°81 996994 | -25 072113 | 18-06 ba 
996979 | -25 67319 18-02 926803 | 15 
996964 | +25 07427 17-97 925722 | 14 
996049 | +25 275356 | 17-93 924644 | 13 
996934 | +25 076432 | 17-89 923568 | 12 
996919 | +25 077505 | 17:84 922495 | 11 
995904 | +25 078576 | 17-80 921424 | 19 
9996889 | -25 | g-079644 | 17-76 |10-920356 
996874 | -25 080710 | 17-72 919290 3 
996858 | -25 081773 17:67 918227 
996843 | +25 082833 | 17-63 917167 i 
996828 | +25 083891 | 17-5 91610 5 
58] 4 
3 
2 
I 
° 


45 070176 | 47°77 
46 071242 | 17-72 
4 072306 | 17-68 
4 073366 | 17-63 
49 074424 | 17:5 
5o 075480 | 17-5 
{ Sr | g-076533 | 17-50 
52 077583 | 17-46 
53 078631 | 17+42 
54 079676 | 17-38 
55 080719 | 17°33 
o Bo 17-2 
| 082797 | - 17-2 
x 083 
084864 | 17-1 
60 085894 17-1 


996812 | +26 084947 | 17-5 9150: 

996791 +26 o8600e | 17-51 914000 
996782 | +26 087050 | 17-47 912950 
996766 | +26 088098 | .17-43 gt1g02 


——| ——$  _____ ] —. —_ __, — 


32 056071 | 18-36 997170 | -24 058900 | 18- g41t00 | 2 

| 33 057172 | 18-31 997196 | -24 060016 18.53 9 27 
2 

996751 | -26 089144 | 17:38 910856 


Cosine TOG Sine ‘_Cotang. D. Tang. | M. | 
(83 pEGREES.) 


ee 


SINES AND TANGENTS. (7 DEGREES.) 2 


Sine D. Cosine | D. Tang. D. Cotang. ct 
p | g:085894 | 17-13 | 9-996751 | -26 | 9:089:44 | 17-38 |19-g10856 | 60 
086922 | 17-09 996735 | +26 ogo18y | 17-34 g0g813 | 5g 
| 087947 | 17-04 996720 | +26 091226 | 17-30 go8772 | 58 
088970 | 17-00 996704 | +26 092266 | 17-27 907734 | 57 
089990 | 16-96 996688 | -26 093302 | 17-22 gobb9d » 56 
ogioo& | 16-92 996673 | -26 094336 | 17°71 905664 | 55 
092024 16-88 996657 | +26 095367 | 17+ 904633 | 54 
093037 | 16-84 996641 | +26 096395 | 17°11 903605 | 53 
094047 | 15-80 996625 | +26 097422 | 17°07 go2578 | 52 
095056 | 16-76 996610 | +26 098446 | 17:03 gordd4 | 51 | 
096062 | 16-73 996594 | -26 099468 | 16-99 go00532 | So 


9:097065 | 16-68 | 9-996578 | -27 -10048 16-g5 |10-899513 | 4 
098066 16-65 996562 | -27 H iso, ae 8984 6 | 4 
099065 | 16-61 996546 | -27 102519 | 16-87 897481 
100062 | 16-57 996530 | -27 103532 | 16-84 896468 | 46 
101056 | 16-53 996514 | +27 104542 | 16-80 895458 | 45 
102048 | 16-49 996498 | +27 105550 | 16-76 894450 | 44 
103037 | 16-45 996482 | +27 106556 | 16-72 893444 | 43 
104025 | 16-41 996465 | -27 107959 | 16-6 892441 | 42 
1od010 | 16-38 996449 | +27 108560 | 16-6 891440 | 4 
105992 | 16-34 996433 | +27 109559 | 16-61 8g0441 | 40 


9-106973 | 16-30 | 9-996417 | +27 | 9-110556 | 16-58 |10-889444 | 3 
= 16-27 996400 | +27 111551 | 16-54 888449 | 3 
108927 | 16-23 996384 | +27 112543 | 16-50 &87457 | 37 
109901 16-19 996368 | -27 113533 | 16-46 886467 | 36 
110873 | 16-16 996351 | +27 114521 16-43 885479 | 35 
111842 | 16-12 996335 | -27 115507 | 16-39 884493 
112809 | 16-08 996318 | +27 116491 | 16:36 883509 | 33 
113774 | 16-05 996302 | -28 117472 | 16-32 882528 | 32 
114737 16-01 996285 | -28 118452 16+2 881548 | 31 
115698 | 15-97 996269 | -28 119429 | 16-2 880571 | 30 


9116656 | 15-94 | 9°996252 | -28 | 9-120404 16-22 |10-879596 | 2 

117613 | 15-90 996235 | -28 121377 | 16-18 878623 2 
118567 | 15-87 996219 | +28 122348 | 16-15 877652 | 27 
119519 | 15-83 996202 | -28 123317 | 16-11 876683 
120469 | 15-80 996185 | +28 124284 | 16-07 875716 | 25 
121417 | 15-76 996168 | -28 125249 | 16-04 874751 | 24 
122362 15-73 gg6151 | +28 126211 16-01 ee 23 
123306 | 15-69 996134 | +28 127172 15-97 872 28 
124248 | 15-66 996117 | +28 128130 | 15-94 871870 | 21 | 
125187 | 15-62 996100 | +28 129087 | 15-91 870913 | 20 


g-126125 | 15-59 | 9:996083 | -29 | g-130041 15-87 |10-869959 | 1 | 
127060 15-56 996066 | +29 130994 | 15-84 869006 | 1 
127993 | 15-52 996049 | +29 131944 | 15-81 868056 | 17 
128925 | 15-4 996032 | +29 132893 | 15-77 867107 | 16 
129854 | 15-4 996015 | +29 133839 | 15-74 866161 | 15 
130781 15-42 ne +29 134784 | 15-71 865216 | 14 
131706 | 15-3 995980] -29 | 135726 | 15-67 864274 
132630 | 15-3 995963 | +29 136667 | 15-64 863333 | 12 
133551 15-32 999946 | +29 137605 15-61 Hoan II 
134470 | 15-29 995928 | +29 138542 | 15-58 861458 


ie) 
o 


~ 
w 


135387 | 15-25 | 9:995911 | +29 | 9:139476 15-55 |10+860524 

F 136303 | 15-22 905894 +29 ul 140409 | 15-51 859591 3 
137216 | 15-19 995876 | +29 141340 | 15-48 858660 | 7 
138128 | 15-16 995859 | +29 142269 | 15-45 857731 | 6 
139037 | 15+12 995841 | +29 143196 | 15-42 856804 | 5 
139944 | 15-09 995823 | +29 144121 | 15:3 Soe: 4 
sAe650 15-06 995806 | +29 145044 | 15-3 854956 | 3 
141754 | 15-03 995788 | +29 145966 | 15-32 854034 | 2 
142655 | 15-00 995771 | *29 146885 | 15-29 853115 | 1 

143555 | 14-96 995753 | +29 147803 | 15-26 852197 | 0 } 

igie | atst 

M. , 


Cosine Dy Sine Cotang. '_ D. Tang. | M. 


(82 DEGREES.) 


26 \8 DEGREES.) A TABLE OF LOGARITHMIC 


M. Sine 


9:143555 | 14-96 | 9+995753 | «30 | 9:147803 | 15-26 |10-852197 


Cosine Tang. 


Colang. 


60 
0 
I 144453 | 14-93 995735 | -30 148718 | 15-23 851282 2 
2 145349 | 14-90 995717 | -30 149632 | 15-20 850368 | 5 
3 146243 | 14-87 995699 | -30 150544 | 15-17 849456 | 57 
4 147136 | 14-84 995681 | +30 151454 | 15-14 848546 | 56 
5 148026 | 14-81 995664 | +30 152363 | 15-11 847637 ; 53 
6 148915 14-78 995646 | +30 153269 | 15-08 846731 | 54 
1 149802 | 14-75 995628 | -30 | 154174 | 15-05 845826 | 53 
8 150686 | 14-72 995610 | +30 155077 | 15-02 844923 | 52 
9 151569 | 14-69 995591 | -30 155978 | 14-99 844022 | 51 
10 1592451 | 14-66 999573 | +30 156877 | 14-96 843123 | 50 
11 | g-t 3330 | 14-63 | 9-995555 | +30 | 9157775 | 14-93 j10-842225 | 4 
12 154208 | 14-60 995537 | -30 158671 14-90 ‘ane 4 
13 155083 | 14:57 995519 | +30 159565 | 14-87 840435 | 47 
14 155957 14-54 995501 | +31 160457 14-84 839543 | 46 
15 156830 14-51 995482 | «31 161347 14-81 838653 | 45 
16 157700 | 14-48 995464 | +31 162236 | 14-79 | 837764 | 44 
I 15856 14-45 995446 | +31 163123 14-76 836877 | 43 
1 159438 14-42 995427 | +31 164008 | 14-73 835992 | 42 


19 160301 | 14-39 995409 | +31 164892 | 14-70 835108 | 41 
20 161164 | 14-36 999390 | -31 165774 | 14:67 834226 | 40 


21 | 9:162025 | 14-33 | 9-995072 | -31 | 9+166654 | 14-64 |10-833346 | 3 
22 162885 | 14-30 995353 | +31 167532 | 14-61 832468 | 3 
23 163743 | 14:27 995334 | +31 168409 | 14-58 831591 | 37 
24 164600 14:24 995316 | «31 169284 14-55 830716 | 36 
25 165454 | 14-22 995297 | +31 170157 | 14-53 829843 | 35 
26 166307 | 14-19 995278 | +31 171029 | 14-50 828971 | 34 

bs 14-16 995260 | «31 171899 | 14-47 828101 | 33 
28 16800) 14:13 995241 | +32 172767 14-44 827233 | 32 
29 168856 | 14-10 995222 | -32 173634 | 14-42 826366 | 31 
30 169702 | 14:07 995203 | -32 174499 | 14-39 825501 | 30 


31 | 9+170547 | 14:05 | 9995184 | +32 | 9-175362 | 14:36 |10-824638 | 92 
\ 


32 171389 | 14-02 995165 | -32 176224 | 14-33 823776 | 2 
33 172230 | 13-99 995146 | +32 177084 | 14-31 822916 | 27 
34 173070 | 13-96 995127 | +32 177942 | 14-28 822058 | 26 
35 173908 | 13-94 995108 | +32 id 53 14-25 821201 | 25 
36 174744 | 13-91 995089 | +32 179659 | 14-23 820345 | 24 
37 179578 | 13-88 995070 | +32 180508 | 14-20 819492 | 23 
38 176411 | 13-86 995051 | +32 181360 | 14-17 818640 22 
39 177242 | 12-83 995032 | +32 182211 | 14-15 817789 | 21 
40 178072 | 13-80 995013 | +32 183059 | 14-12 816941 | 20 


Al | 9-178900 | 13-77 | 9-994993 | +32 | 9+183907 | 14-09 |10+816093 | 1 
42 ee 13-74 994974 | +32 184752 | 14-07 815248 | 1 

180951 | 13-72 994995 | «32 ey 14:04 814403 | 17 
44 181374 | 13-69 994935 | -32 186439 | 14-02 813561 | 16 
45 182196 | 13-66 994916 | +33 187280 | 13-99 812720 | 15 
46 183016 | 13-64 994896 | -33 188120 | 13-96 811880 | 14 
4 183834 | 13-61 994877 | -33 188958 | 13-93 811042 | 13 
4 184651 | 13-5. 994857 | -33 189794 | 13-91 810206 | 12 
49 185466 | 13-5b 994838 | -33 190629 | 13-89 809371 | 14 
50 186280 | 13-53 994818 | -33 191462 | 13-86 808538 | 10 


51 | 9187092 | 13-51 | 9+994798 | +33 | 9+192294 | 13-84 |10-807706 
52 | _187903 | 13-48 994779 ; +33 193124 | 13-81 806846 3 
53 188712 | 13-46 994759 | +33 193953 | 13+79 806047 | 7 
54 oe 13-43 994739 | -33 194780 | 13-76 805220 | 6 
55 19032 13-41 994719 | +33 195606 | 13-74 804394 | 5 
56 IgiI30 | 13-38 994700 | -33 196430 | 13-71 803570 | 4 
3} 191933 | 13-36 994680 | -33 197253 | 13-69 802747 | 3 
& 
I 
o 
M 


5 192734 | 13-33 994660 | -33 198074 | 13-66 801926 
5 193534 13-30 994640 | -33 198894 13-64 801106 
60 194332 | 13-28 994620 | +33 199713 | 13-61 | » 800287 


___| Cosine D. | Sine epee | D. | Tang. 


(81 DEGREES.), 


SINES AND TANGENTS. (9 DEGREE.) 27 


cal Sine D. | Cosine | . | Tang. . | Cotang. Ei 
© | 9194332 | 13-28  9-994620 | +33 | 9+199713 | 13-61 |10-800287 | 60 
I 195129 | 13-26 |} 994600 | -33 200929 | 13-59 | 799471 | 59 
2 195929 13-23 994580 +33 20134) 13-56 798655 \ 58 
3 196719 | 13-21 994560 | +34 20215) | 13-54 7971841 | 57 
4 197011 13-18 994540 | +34 202971 13-52 797029 | 56 
5 195302 | 13-16 994519 | +34 203782 | 13-49 796218 | 55 
6 Ig90g1t | 13+13 994499 | :34 204592 | 13-47 7195408 | 54 
7 | 199879 | 13-11 994479 | +34 205400 | 13-45 794600 | 53 
e 200666 | 13-08 994459 | +34 206207 | 13-42 793793 | 52 
9 201451 | 13-06 994438 | +34 207013 | 13-40 792987 | 51 
Io 202234 | 13-04 994418 | +34 207817 | 13-38 792183 | So 
II g°203017 | 13-01 | 9-994397 | -34 | 9:208619 | 13-35 |10-791381 | 4 
12 203797 12-99 994377 | -34 209420 | 13-33 790580 | 4 
i3 204577 | 12-96 994357 | +34 210220 | 13-31 38 780 | 47 
14 205354 | 12-94 994336 | +34 211018 | 13-28 788982 46 
15 206131 12-92 994316 | +34 211815 | 13-26 788185 | 45 
16 206906 | 12-89 994295 | +34 212611 | 13-24 787389 | 44 
17 207679 | 12-87 994274 | -35 213405 | 13-21 786595 43 
18 208492 | 12-85 994254 | +35 214198 | 13-19 785802 | 42 
Ig 209222 12-82 994233 | °35 214989 13-17 785011 | 41 
20 "209992 | 12-80 994212 | -35 215780 | 13-15 784220 | 40 
21 | g:210760 | 12-78 | g-994191 | 35 | 9216568 | 13-12 |10-783432 | 3 
22 211526 | 12-75 994171 | -35 217356 | 13-10 782644 | 3 
23 212291 12-73 994150 | +35 218142 | 13-08 781858 | 37 
24 213095 | 12-71 99412 °35 218926 | 13-05 781074 | 36 
25 213818 ; 12-68 Sonne +35 219710 | 13-03 780290 | 35 
26 21457 12-66 994087 | -35 220492 | 13-01 779508 | 34 


27 21533 12-64 994066 | +35 221272 | 12-99 778728 | 33 
28 216097 | 12-61 994045 | -35 222092 | 12-97 777948 | 32 
29 216854 , 12-59 994024 | :35 222830 | 12-94 777170 | 31 
30 217609 | 12-57 994003 | +35 223606 | 12-92 7716394 | 30 


31 | 9-218363 | 12-55 | g+g93981 | -35 | 9-224382 | 12-90 |10-775618 | 2 
32 219116 | 12-53 993960 | +35 225156 | 12-88 7114844 | 2 
33 219868 | 12+50 993939 | +35 225929 | 12-86 774071 | 27 
34 220618 | 12-48 993 18 +35 226700 | 12-84 773300 | 26 
35 221367 | 12-46 993896 | «36 227471 12-81 772529 | 25 
36 | . 222110 | 12+44 993875 | -36 228239 | 12-79 771761 | 24 
37 222861 12-42 993854 | +36 229007 | 12°77 770993 | 23 
38 223606 | 12-39 993832 | -36 229773 | 12°75 770227. | 22 
39 224349 | 12°37 993811 | +36 230539 | 12-73 769461 | 21 
40 225092 | 12+35 993789 | +36 231302 | 12-71 768698 | 20 


41 | 9-225833 | 12-33 | 9-993768 | +36 | 9-232065 | 12-69 |10+767935 | 1 
42 226573 | 12-31 993746 | -36 232826 | 12-67 767174 | 1 
43 227311 | 12-28 993725 | +36 233586 | 12-65 766414 | 17 
44 228048 | 12-26 993703 | +36 234345 | 12-62 765655 | 16 
45 228784 | 12-24 993681 | +36 235103 ' 12:60 764897 | 15 3 
46 229518 | 12-22 993660 | +36 235859 | 12-58 64141 | 14 

4 


47 230252 | 12-20 993638 | +36 236614 | 12-56 763386 | 13 
48 230984 | 12-18 993616 | +36 237368 | 12-54 762632 | 12 
49 231714 | 12-16 993594 | +37 238120 | 12-52 761880 | 11 
So 232444 | 12+14 993572 | +37 238872 | 12-50 761128 | 10 


5: 233172 | 12-12 | 9-993550 | -37 | g-239622 | 12-48 |10-760378 
52 ? 233899 | 12-09 993528 | +37 240371 12-46 759629 
53 234629 | 12-07 993506 | +37 241118 | 12+44 758882 
54 aa 12-09 993484 | +37 241865 | 12-42 758135 
55 23607 


56 236799 12-o1 993440 | +37 243354 12-38 756646 
5 239515 11-99 993418 | +37 244097 | 12-36 955903 


5f 
6 
12:03 |! 993462 | -37 242610 12-40 757390 ; 
3 
2 
I 
fe) 


5 238235 | 11-9 993396 | +37 244839 | 12-34 755161 

59 238953 | 11-9 993374 | -37 245579 | 12-32 54421 | 

60 239670 | 11-93 993351 | +37 246319 | 12-30 753681 | 
; D. Sine Fi De Dane. 


| Cosine 


(80 DEGREES.) 


oe I a i i ee -“ —— 


28 (10 DEGREES.) 


M. 
0 | 9-239670 
I i 240366 
2 241101 
3 241814 
4 | 242526 
5 243237 
6 243947 
244656 
Aen 
2460 
1 26775 
r1 | 9+247478 
12 245181 
13 248883 
14 249583 
15 250282 
16 250980 
17 251677 
18 252373 
19 253067 
20 253761 
21 | 9+254453 
22 255144 
23 255834 
24 256523 
25 257211 
26 257898 
27 258583 
28 mae 
2 259951 
30 260633 
31 | 9-261314 
32 261994 
33 262673 
34 263351 
35 264027 
86 264703 
37 265377 
38 266051 
39 266723 
40 267399 
41 | 9-268065 
42 268734 
43 269402 
44 aida 
45 27073 
46 271400 
4] |- 272064 
43 272726 
49 273388 
5o 274049 
51 | 9-274708 
52 275367 
53 276024 
54 276681 
LS 277337 
56 | 277991 
5 278644 
5 27920) 


| aedel | e: 
i Cosine A 


9+993351 | -37 | 9°246319 | 12-30 
99332g | -37 247057 | 12-28 
993307 | -37 247794 | 12-26 
993285 | «37 248530 | 12«24 
993262 | -37 249264 | 12-22 
993240 | -37 aiog8 12-20 
993217 | +38 250730 | 12-18 
993199 | -38 251461 | 12-17 
993172 | -38 252191 12-19 
993149 | +38 252920 | 12-13 
993127 | -38 253648 | 12-11 

9-993104 | +38 | 9-254374 | 12-09 
993081 | -38 255100 | 12-07 
993059 | -38 255824 | 12-05 
993036 | -38 256547 | 12-03 
993013 | +38 257269 | 12-01 
992990 | +38 257990 | 12-00 
992967 | -38 258710 | 11-98 
992944 | -38 259429 | 11-96 
a at +38 260146 11-94 
992898 | -38 260863 | 11-92 
-992875 | -38 | 9-261578 | 11-90 

® eostiea +38 262292 | 11:89 
992829 | +39 263005 | 11-87 
992806 | -39 263717 | 11-85 
992783 | +39 264428 | 11-83 
992759 | +39 265138 | 11-81 
992736 | +39 265847 II-7 
992713 | «39 266555 | 11-7 
992690 | +39 267261 | 11-76 
992666 | -39 267967 | 11-74 

9:992643 | +39 | 9-268671 | 11-72 
992619 | +39 269375 | 11-70 
992596 | +39 270077 | 11-69 
992572 | -39 | 270779 | 11-67 
992949 | +39 27147 11-65 
992525 | +39 27217 11-64 
992501 | +39 272876 | 11-62 
992478 | +40 273573 11-60 
992494.| +40 274269 | 11-58 
992430 | +40 274964 11-57 

9+992406 | +40 | 9-275658 11-55 
992382 | +40 276351 | 11-53 
a +40 277043 11-51 
99233 +40 277734 | 11-50 
992311 |} +40 279424 | 11-48 
992287 | +40 279113 II-47 
992263 | +40 ayouey 11-45 
992239 | +40 280488 | 11-43 
992214 | +40 281174 | 11-41 
992190 | +40 281858 | 11-40 

9:992166 | «40 | 9+282542 | 11-38 
992142 | +40 283225 | 11-36 
992117 | +41 00 11-35 
992093 | +41 28458 11-33 
992069 | +41 285268 | 11-31 
992044 | +41 285947 | 11-30 
992020 | +41 286624 | 11-28 
991996 | +41 287301 | 11-26 
991971 | +41 eer 11-25 
991947 | +41 288652 | 11-23 
Sine Cotang. |__D. 


(79 DEGREES.) 


A TABLE OF LOGARITHMIC 


10-753681 
752943 
752206 
751470 |) 57 
750736 | 56 
750002 
749270 | 54 
748539 | 53 
747809 | 52 
747080 | 51 
746352 | 50 


10-745626 | 4 
744900 | 4 
744176 | 47 
743453 | 46 
742731 | 45 
742010 | 44 
741290 | 43 
740571 | 42 
739854 | 41 
739137 | 40 

10-738422 | 3 
Ree 3 
72099) | 97 
736983 
790072 39 
734862 | 34 
734153 | 33 
733445 | 32 
732739 | 31 
732033 | 30 


10-73132 2 
730625 | 2 
729923 | 27 
729221 | 26 
7205921 | 25 
727822 | 24 
727124 | 23 
726427 | 22 
FQO7SL |: QE 
725036 | 20 


10724342 | 1 
723649 | 1 
22957 | 1 
ued as 
721576 | 15 
720867 
720199 | 13 
719512 | 12 
718826 | 11 
718142 | 10 


10-717458 
716775 
716093 
715412 
714732 
714053 
713376 
712699 
712023 
711348 


Orv 


Wn 
(ae) 


Ome nw WK OO! COO 


Tang. Mt 


SINES AND TANGENTS. 


(11 DEGREES.) 


M.| Sine Cosine | D. Tang. D. Cotang. 
=| = eee sre a | aise - ae 
+2805 *991947 | +41 | g+288652 11-23 10+711348 
2 a 281248 ; batt Al 289326 | 11-22 710674 
2 281897 991897 | +41 289999 | II+20 Hoes 
3 282544 991873 | +41 290671 11-18 199 2 
4; 283190 991848 | -41 291342 11-1) 70 S 
5 | 283836 991823 | +41 292013 11-18 707987 
6 284480 991799 | -41 292682 | 11-14 ar 
SI 285124 991774 | +42 293350 | 11-12 706 po 
8, 385766 991749 | +42 294017 | 11-11 7099 3 
| 9 286408 991724 | +42 294684 | 11-09 70531 
! 10} 287048 991699 | +42 295349 | 11-07 704651 
. +70398 
Il -28768 9:991674 | +42 | 9-296013 11-06 |10-703987 
12 : 284326 991649 | +42 296677 | 11-04 pee 
13 288964 991624 | +42 297339 | 11-03 702661 
14 289600 991599 | +42 298001 II-O! 701999 
15 290236 991974 | +42 293662 II+00 7 oe 
16 290870 991549 | +42 299322 | 10-98 70067 
17 291504 991524 | +42 299980 | 10-96 ‘ta 
18 29213 991498 | +42 300638 | 10-95 iM : 
Ig 290768 991473 | +42 301295 19°93 yee 
20 293399 991448 | +42 301951 | 10-92 98049 
: : -697393 
21 +29402 9°991422 | +42 | g-302607 | 10-90 |10-69 
22 : 264658 991397 | +42 | . 303261 10169 6s6nhg 
23 295286 991372 | +43 303914 wat Pas 
24 295913 991346 | -43 30456 10+ go 
| 95 53 991321 | +43 30521 10-84 94782 
26 ey 5 586 83 694131 
| 26 297164 991295 43 30 9 ae Peo 
27 297788 991270 | +4. 306 x we Pe | poe 
| 28 298412 991244 | +43 30716 10: 3 Sh a 
29 299034 991218 | +43 307815 | 10-7 a 
| 30} 299655 991193 | «43 | 308463 | 10-77 91537 
: -690891 
3 6 9:991167 | +43 | g-30g109 | 10-75 |10-69089 
3 - 300895 ggii41 | +43 309754 | 10-74 nae 
33 301514 ggi115 | +43 310398 | 10-73 oe we 
34 302132 991090 | +43 311042 | 10-71 ee : 
35 302748 991064 | +43 311685 | 10:70 “ ae 
36 303364 991038 “43 el ae 687083 
3 991012 | +43 12967 10- 
3 aed 990986 | -43 313608 | 10-65 ee 
39 305207 990960 | +43 314247 | 10-64 rea : 
40 305819 990934 | +44 314885 | 10-62 II 
41 | 9-306430 97990908 | +44 | 9+315523 ign igi 
ieee es 99083 A oe io58 SW AbEtees 
y 08950 Ba5 acd is 682570 
325 990829 | +44 317430 | 10-57 
“4 30886. 990803 | +44 318064 ee ee “ 
fae So | ak | SUE | ea |e 
310080 “44 
AR it) aa) | coe 
fo) . 
2 ee ek +44 321222 | 10-48 678778 
, . -678149 
312405 *990644 | +44 | 9+321851 10:47 {10-67 
3s y ee : 990618 | +44 322479 | 10-45 pg t 
53 313608 990591 | +44 o7310° eae ae 
54 3£4297 990565 | +44 32373 10+4 aaa 
55 314897 990538 | +44 324358 | 10-41 o? 4 
56 315499 990511 | +45 324983 | 10-40 901) 
57 Fr6o02 990435 | +45 325607 | 10-39 die 
A eee epi | -4s'| 32085 | soak | 63144 
28. 990431 | °4 2 . 1 
re lie 990494 | +45 327475 | 10-35 672525 
[ mone . | Sine Cotang. By) pale | 


(78 DEGREES.) 


=| OF ROR AON HO 


29 


ie 


380 


r 


— 


oo MIA DOS We = Oo 


(12 DEGREES., 


+31787 
, 315493 
319066 
310658 
320249 
320840 
321430 
322019 
322607 
323194 
323780 


9+324366 
324950 
325534 
326117 
326700 
327281 
327862 
328442 
329021 
329599 

9:330176 
330753 
33132 
33190 
332478 
333051 
333624 
334195 
334766 
335337 


335906 
: 336475 
337043 
337610 
338176 
338742 
339306 
339871 
340434 
340996 


9+341558 
342119 
342679 
343239 
Seg! 
344355 
344912 
345469 
346024 
346579 
9°347134 
347687 
3.48240 
348792 
349343 
349893 
350443 
350992 
351540 
352088 


Cosine _ 


Oo DODWDDOOONO0DO 00009000000 0.00 000 


Noolok\e) 


WODOODODOOOOOO DOWDODDOODOOO ODOD0D 


| 
| 


AS 
BROS 


“41 


9 


M. | Sine D. Cosine 


+990404 
‘ 990378 
990351 
990324 
990297 
990270 
990243 
990215 
990188 
ggo161 
990134 


9°990107 
990079 
gg0052 
nes 
9°9997 
989970 
ee 
gglo 
989887 
989860 
-989832 
7384804 
989777 
989749 
989721 
989693 
989665 
989637 
989609 
989582 
+989553 
: 989525 
989497 
989469 
989441 
989413 
989384 
989356 
989328 
989300 


-989271 
" 989243 
989214 
989186 
98915 
98912 
989100 
989071 
989042 
989014 
988985 
7°988956 
carat 
988898 
988869 
988840 
988811 
988782 
* 988753 


988724 | - 


Sine 


A TABLE OF LOGARITHMIC 


Tang. E Cotang. | | 
9°327474 | 10-35 |10-672526 | 60 
328095 | 10-33 671905 | 59 
328715 | 10-32 671285 | 58 
329334 | 10-30 670666 | 5 
pe 10-2 670047 | 5 
330570 | 10-2 669430 | 55 
331187 10-26 668813 | 54 
331803 | 10-25 668197 | 53 
332418 | 10-24 667564 52 
333033 | 10-23 666967 | 51 
333646 | 10-21 666354 50 
9°334259 | 10-20 |10-665741 | 4 
| 334871 10-19 66512 4 
335482 | 10-17 664518 | 47 
336093 | 10-16 663907 | 46 
336702 10-15 663298 | 45 
337311 10-13 662689 | 44 
337919 | 10-12 662081 | 43 
338527 10-II 661473 | 42 
339133 10-10 660867 | 41 
339739 | 10-08 660261 | 40 
9:340344 | 10-07 |10-659656 | 3 
340948 | 10-06 659052 | 3 
341952 10-04 658448 | 37 
342155 | 10-03 657845 | 36 
342757 10-02 657243 | 35 
343358 | 10-00 656642 | 34 
343958 9:9 656042 | 33 
344558 9°9 655442 | 32 
345157 9:97 654843 | 31 
345755 9-96 654245 | 30 
9+346353 9:94 |10-653647 | 2 
34694 9:93 653051 | 2 
34794 9:92 652455 | 27 
348141 9:91 651859 | 26 
348735 9:90 651265 | 25 
349329 9.88 650671 | 24 
349922 9:87 650078 | 23 
350914 | 9-86 649486 | 22 
351106 9:85 648894 21 
351697 9:83 648303. | 20° 
; 9°352287 9:82 |10-647713.| 1 
; 352876 9:81 647124 | 1 
353465 9-80 646535 | 17 
354053 9°79 645947 | 16 
354640 9°77 645360 | 15 
355227 9°76 644773 | 14 
355813 9°75 644184 } 13 
tes 9°74 643602 | 12 
3569 2 9°73 643018 ; 411 
357566 g:7t 642434 | 10 
g°358149 9°70 |10-641851 
358731 ao 641269 8 
359313 9°68: 640687 
359893 9:67 64010 g 
360474 9+66 63952 5 
361053 9:65 63894 4 
361632 9:63 63836 3 
362210 9-62 6377 2 
362787 9-6 639913 1 
363364 9°60 636636 | 0 
Cotang. Des) Tang. | é | 


(77-DEGRERS.) 


M, 


oo COI OO Gn 


2 60 a 
| Cosine 


ac 


9-352088 


352635 
353181 
353726 
354271 
354815 
355358 
355901 
356443 
356984 
357524 


9° 358064 
358603 
359141 
359678 
360215 
360752 
361287 
361822 
362356 
362889 


9+363422 
363954 
364485 
365016 
355546 
366075 
366604 
367131 
367659 
368185 


368711 
360236 
369761 
370285 
370808 
371330 
» 371852 
372373 
372894 
373414 


373933 
? 374452 
asia 
375487 
376003 
$1019 
37703 
37754 
37806 
378577 


+37908 
? 31g601 
380113 
380624 
381134 
381643 
382152 
382661 
383168 
383675 


SINES AND TANGENTS. 


WwDd45665 


Ono 


RON} COCO OC KN WHR AMmO ORF ND ORO OIO OF ND OH OMX 


OMCOMCOMMOMOMOMH WOW DWDOWDOWOWOH DOWD DWDOWOWO WDOWDDMDMDDDMOMODO WDHOWOMDOHWO 
OOo COO O FN Ww 


RHSSSS SESS Orn OOD D DA QD AQAOIII344 aA wWMaDoOonwnwce 


— 


26 


Cosine 


9:988724 | » 


88695 
338686 
988636 
988607 
988578 
988548 

8851 
388489 
988460 
988430 


-988401 
‘ 988371 
988342 
988312 
988282 
988252 
988223 
988193 
988163 
988133 


9988103 
988073 
988043 
sae 
98798 
987953 
987922 
937892 
987862 
987832 

9-987801 
987711 
987740 
987710 
987979 
98754 
93761 
987538 
987557 
987526 

9°987496 
987465 
987434 
987403 
987372 
987341 
987310 
937279 
98724 
987217 


D. 


Tang. 


9+363364 


363940 
364515 
365090 
365664 
366237 
366810 
367382 
367953 
368524 
369094 
+369663 
2 370232 
370799 
371367 
371933 
372499 
373c64 
373629 
sae 
374756 
39531 
z 343881 
376442 
377003 
377563 
378122 
378681 
Hae 
19791 
360354 


-380910 
381466 
382020 
382575 
383129 
383682 
384234 
384786 
38533 
38588: 


9386438 
386987 
387536 
388084 
388631 
389178 
389724 
390270 
390815 
391360 


9:391903 
392447 
poe) 
393531 

394073 

394614 

395154 

Hae 

396233 


396771 


Cotang. 


(76 DEGREES.) 


o 


° 


wok KRARRAR RGQQAAaAaAGaan 
SES SRGEGS STIS OL GD SS 


WOODOODOO DOWDODODOOOD ODODDODODOODODO DOWDDODOOYWO ODODDD00009000 
w 
w 


928 


(18 DEGREES.) 


Cotang. 


10-636636 


636060 
635485 
634910 | 57 
634336 | 56 
633763 | 55 
633190 | 54 
632618 | 53 
632047 | 52 
631476 | 51 
630906 | 50 


-630337 | 4 


629768 | 4 

629201 | 47 
628633 | 46 
628067 | 45 
627501 | 44 
626936 | 43 
626371 | 42 
625807 | 41 
625244 | 4o 


-624681 | 3 


624119 | 3 
623558 | 37 
622997 | 36 
One 

621878 | 34 


= 621319 | 33 


603229 


waar tt 


620761 | 32 
620203 | 31 
619646 | 30 


“619090 | 2 


re 534 | 2 

17980 | 27 
617425 | 26 
616871 | 25 
616318 | 24 
615766 | 23 
615214 | 22 
614663 | 21 
614112 | 20 


-613562 | 1 


613013 | 1 

612464 | 17 
611916 | 16 
611369 | 15 
610822 | 14 
610276 | 13 
609730 | 12 
609185 | 11 
608640 | 10 


6075 

607011 
606469 
605927 
605386 
604846 
604306 
603767 


Uh SS periieerar 5 3 


' 


i 


Tang. 


a ee 2 


82 (14 DEGREES.) A 


M. Sire 
0 | 9-383675 | 
I 384182 | 
2 384687 
3 385192 
4 385697 
5 386201 
6 386704 
4 387207 

387709 
9 388210 

10 388711 
11 | 9+389211 
123) aesso71t 
13 | 390210 
14 390708 
15 | 3o1206 
16 391703 
17 | 392199 
18 392695 
19 393191 
20 393685 
21 | 9+394179 

22 394673 

23 | 395166 

24 395658 

25 396150 

261 396641 

2 397132 

2 397621 

29 398111 

30 398600 

31 -399088 

32 : 399575 

33: 400062 

34 goonds 

35 40103 

36 401520 

3 402005 

3 402489 

39 402972 

40 403455 

41 | 9403938 

42 404420 

43 404901 

44 405382 

45 405862 

46 406341 

4 406820 

4 407299 

49 4077717 

50 408254 

51 | 9-408731 
2 409207 

53 409682 

54 410157 

55 410632 

56 411106 

5 411579 

55 412052 

412524 

60 412996 


D. 


= 


YAH) 444 


Cosine 

“44 | 9+986904 
43 986873 
42 986841 
4I 986809 
40 986778 
39 986746 
38 986714 
37 986683 
36 986651 
35 986619 
34 986587 
33 986555 
32 i 986523 
31 936491 
30 986459 
28 986427 
27 986395 
26 986363 
25 986331 
24 986299 
23 986266 
22 | 9-986234 
21 986202 
20 986169 
I 986137 
I 986104 
17 986072 
1 986039 
I 986007 
15 985974 
14 985942 
13 985909 
12 : 385876 
Il 985843 
10 985811 
Co) 985778 
Te) 985745 
07 985712 
06 985679 
05 935646 
O4 985613 
03 +985580 
02 ’ 985547 
OI 985514 
00 985480 
9 985447 
9 985414 
97 985380 
96 985347 
95 985314 
94 985280 
94 | 9-985247 
93 985213 
92 985180 
gt 985146 
90 ota 
OT 

8 385045 
a g85o11 
8 984978 
85 984944 


TABLE OF LOGARITHMIC 


D, 


(75 peerEss.) 


Tang. D. Cotang. 
-396771 8-96 |10-603229 
e 397309 8-96 Sait 
397846 8-95 ~} 602154 
398383 8-94 601617 
398919 8-93 601081 
399455 8-92 600545 
399990 8-91 600010 
400524 i 599476 
401058 8-89 5842 
401591 B-88 598409 
402124 8-87 597876 
9+ 402656 8-86 |10-597344 
40318 8-85 596813 
403718 8-84 596282 
4O424 8-83 595751 
40477 8-82 595222 
405308 8-81 594692 
405836 8-80 594164 
406364 8-7 593636 
406892 8-7 593108 
407419 8-77 592581 
9+ 407945 8-76 j10-592055 
408471 8-75 59152 
408997 8-74 borat 
409521 8-74 59047 
410045 8-73 59955 
410569 8.72 589431 
411092 8-71 588908 
411615 8-70 588385 
412137 8-6 587863 
412658 8-6 587342 
413179 8-67 |10-586821 
2 413699 8-66 586301 
area 8-65 585781 
41473 8-64 585262 
415257 8-64 584743 
415775 8-63 584225 
416293 8-62 583707 
416810 8-61 583190 
417326 8-60 582674 
417842 8-59 582158 
9+ 418358 8-58  |10-581642 
418873 8-57 581127 
419387 8-56 580613 
419901 8-55 5800 
420415 8-55 579585 
420927 8-54 579073 
421440 8.53 578rbc 
421952 8-52 578048 
422463 8-51 577537 
422974 8-50 577026 
9° 423484 Sen 10-576516 
pais 8.4 576007 
424503 8-48 575497 
425011 8-47 574989 
425519 8-46 574481 
426027 8-45 573973 
426534 8-44 573466 
427041 8-43 57295 
427547 8-43 572458 
428052 8-42 571948 


On WR OY OH 


th eck. | 
| 


Tang. “he | 


Cosine D. Sine Cotang. | _D. | 


SINES AND TANGENTS. (15 DEGREES.) 83 


M. Sine Cosine L Tang. D. Cotang. 

9 | 9412996 7°85 | 9:984944 | +57 | 9-428052 8.42 |10-571948 | 60 
I 413467 7*84 984910 | +57 E 428557 8-41 ae 59 
2 413938 7:83 984876 | -57 429062 8-40 570938 | 58 
3 414408 7:83 984842 | -57 429566 8.3 570434 | 57 
4 414878 7°82 984808 |; -57 430070 8.38 569930 | 56 
5 415347 7:81 984774 | -57 430573 8-38 569427 | 55 
6 415815 7:80 984740 | +57 431075 3.37 568925 54 
j 416283 7°7 984706 | +57 431577 3-36 568423 | 53 

416751 7-7! 984672 | -57 432079 8.35 567921 | 52 

9 417217 71:77 984637 | -57 432580 8.34 567420 | 51 
10 417684 7-76 984603 | «57 433080 8-33 566920 | 5o 
Ir | 9-418150 7:75 -984569 | -57 | 9-433580 8-32 }10-566420 | 4 
12 418615 7°74 3 38453 +57 2 434080 8-32 565920 | 4 
a3 419079 71°73 984500 | -57 43457 8-31 565421 | 47 
14 419944 7°73 984466 | -57 7350-8 8-30 564922 | 46 
15 420007 7°72 934432 | -58 435576 58 564424 | 45 
16 420470 7:71 984397 | -58 436073 8-2 563927 | 44 
17 | 420933} 7-70 | 984363 | -58| 436590 | 8-28 | 563430 | 43 

sl ro 421395 7:6 984328 | -58 437067 8-27 562933 | 42 

19 42185 7:6 984294 | -58 437563 8-26 562437 | 41 
20 42231 7:67 984259 | -58 438059 8-25 561941 | 4o 
21 | 9-422778 7:67 | 9-984224 | -58 | 9-438554 8-24 |10-561446 | 3 
22 423238 7:66 ee +58 439048 8-23 560952 | 3 

23. | 423697 | 7-65 | 984155 | -58 | 439543 | 8-23 | 560457 | 37 
24 424156 7:64 984120 | -58 440036 8-22 559964 | 36 
25 424615 7:63 984085 | -58 440529 8-21 559471 | 35 
26 | 425073 7:62 984050 | -58 441022 8-20 558918 34 
27 425530 7:61 984015 | -58 G4IDI4 8-19 558486 | 33 
28 425987 7-60 933981 | -58 442006 8-1 557994 | 32 
29 426443 7:60 983946 | -58 4424097 8-1 55753 31 

3o 426899 7:59 983911 | -58 442988 8-17 557012 | 30 

31 | 9-427354 7°58 | 9-983875 | -58 | 9-44347 8-16 |10-556521 | 2 

32 427809 7:5 383840 59 44396! 8-16 556032 | 2 

33 428263 7:5 983805 | +59 444458 8-15 555542 | 27 

34] 428717 | 7-55 983770 | -59 | 444947 | 8-14 555053 | 26 

35 429170 7-54 983735 | +59 445435 8-13 554565 | 25 

36 429623 7-53 933700 | +5¢ 445923 8-12 554077 | 24 

3 430075 7-52 983664 | -59 440411 8-12 553589 | 23 

3 430527 7-52 983629 | -59 foe 8-11 553102 | 22 

39 430978 7-51 983594 | +59 | 447384 8-10 552616 | a1 

40 431429 7-50 983558 | +59 447870 8-09 552130 | 20 

41 | 9-4318 1:4 983523 | -59 | 9:448356 8-0g |10-551644 | 1 

42 - 132349 Us a 983487 ms 448841 8 of 551159 | 1 

43 432778 74 983452 | -59 449326 8-07 550674 | 17 

44 433226 7:47 983416 | -59 449810 8-06 550190 | 16 

45 433675 7-46 983381 | -59 450294 8-06 549706 | 15 

46 434122 7-45 983345 | +59 450777 8-05 pee 14 

A] 434569 71:44 933309 | +59 451260! 8-04 548740 | 13 

4 435016 1°44 983273 | -60 451743 8-03 548257 | 12 

49 435462 7-43 983238 | -60 452225 8-02 549779 | 11 

{ 5o 435908 7°42 983202 | -60 452706 8-02 547294 | 10 

51 + 436353 “41 -983166 | «60 - 453187 8-01 |10:546813 

| 52 i 436798 io ; ‘ 283130 «60 z 453668 8-00 546332 3 

53 | 437242 7-40 ee -60 454148 1°99 545852 | 7 

54 437686 7:3 983058 | -60 454628 1:9 545372 6 

55 438129 7:3 983022 | +60 455107 19 544893 | 5 

56 438572 7°37 982986 | -60 455586 1°97 544414 | 4 

5 439014 7:36 982950 | -60 456064 7:96 543936 | 3 

5 439456 7-36 982914 | -60 456542 7:96 543458 | 2 

59 | 439897 7°35 982878 | 60] 457019 7:95 542981 | 1 

| 60 440338 7:34 982842 | -60 ; 457496 1:94 542504 | 0 
_|_ Cosine D. Sine Cotang. D. | Tang. | M. | 


(74 peGcrEEs.) ' 


34 126 


Sine 


o | 9:440338 
1, 440778 
2 441218 
3 441658 
4 442096 
5 442535 
6 442973 
7 443410 
& 443847 
} 9} 444284 
10 444720 
11 | 9°445155 
12 445590 
13 446025 
14 4460459 
15 446893 
16 |. 447326 
I 447759 
I 448191 
19 448623 
20 449054 
21 | 9°449485 
22 449915 
23 450345 
24 | 450775 
25 451204 
26 451632 
2 452060 
2 saae 
2 452915 
30 153342 
31 | 9°453768 
32 454194 
33 454619 
34 455044 
35 45546 
36 455893 
3 456316 
2] 456739 
39 457162 
40 457584 
41 | 9°458006 
42 458427 
43 458848 
44} 499268 
45 45968€ 
46 460108 
4 460527 
4 460946 
49 461364 
50 461782 
51 | 9+462199 
59 462616 
53 463032 
54 463448 
55 463864 
56 464279 
5 464694 
5 465108 
59 465522 
60 465935 


| Cosine . Sine 


DEGREES.) A TABLE OF LOGARITHMIC 


Ys) 2) 7) FF) 4 4) 4) 4) 4-1-1 
iced EOE PLS LOPE fg Te Me Ueto eS 
n 
— 


ee ee | 
ae, 18 a 
ow 


Ya) 44) 
if : 


ARAAAAADAARAN DON OS CGN GSN 1 8 


io} 


Cosine 


9°982842 


982805 
982769 
982733 
982696 
982660 
982624 
982587 
982551 
982514 
982477 
9982441 
982404 
982367 
982331 
982294 
982257 
982220 
982183 
982146 
982109 


9:982072 
982035 
981998 
981961 
981924 
981886 
981849 
981812 
981774 
981737 

9:9816 
981602 
981625 
981587 
981549 
981512 
981474 
981436 
981399 
981361 


+981323 
‘ 961285 
981247 
981209 
981171 
981133 
981095 
eeteny 
981019 
980981 


9980942 
980904 
980866 
980827 
980789 
980750 
980712 
980673 
980635 
980596 


(73 DEGREES.) 


-60 - 457496 . 
-60 ‘ 457973 : 
-61 45844 : 
61 45892 : 
-61 459400 : 
+61 459875 7:90 
“61 460349 7+90 
61 460823 7: 2 
61 461297 7:8 
61 461770 7:88 
61 462242 7:87 
+61 -462714 7+86 
-61 P 463186 7:85 
“61 463658 7°85 
“61 464129 7°84 
-61 464599 7:83 
61 465069 7°83 
+62 46553 7:82 
+62 766008 7:81 
62 466476 7:80 
+62 466945 7:80 
+62 | 9-467413 77 
62 467880 1:7 
+62 468347 7:78 
+62 468814 7°77 
62 469280 7:76 
+62 469746 7°75 
+62 470211 7:75 
62 470676 7:74 
"62 471141 7:73 
62 471605 7°73 
+63 | g-472068 7:72 
+63 472532 7°71 
+63 472995 7:71 
63 47349] rz 
63 41350 7:69 
+63 474381 7-09 
63 474842 7:6 
+63 475303 7-67 
+63 475763 7°67 
63 476223 7:66 
+63 | 9+476683 7:65 
+63 477142 7:65 
+63 477601 7:64 
-63 | 478059 | 7-63 
+63 478517 7:63 
“64 478975 7-62 
64 479432 7°61 
+64 47988 7-61 
+64 48034 7:60 
+64 480801 7:59 
+64 | 9881257 |" 7-5 
+64 481712 9-5 
+64 | 482167 | 7-57 
64 482621 7°57 
+64 483075 7:56 
+64 483529 7°55 
+64 483982 7:55 
*64 | 484435 7-54 
+64 484887 7-53 
64 485339 7:53 
Cotang. D 


Cotang. 


10: 


10: 


10- 


10 


10: 


JO: 


514661 


542504 
542027 
541551 
541075 
Ca4u00u 
540125 
539651 
539177 
535703 
§38230 
537758 


537286 
536814 
536342 
535871 
535401 
534931 
ft oe 
33992 
533994 
533055 


532589 
532120 
531653 
531186 
§30720 
530254 
529789 


529324 |- 


52885 
528395 


-527932 


§27468 
527005 
526543 
526081 
525619 
Sea 
524 

524237 
523777 


523317 
522858 
522399 
521941 
521483 
521025 


520568 | 


520111 
519655 
519199 
518743 
518288 
517833 
51737 

51692 

516471 
516018 
515565 
515113 


SINES AND TANGENTS. 


[ae Sine 
© | 9465935: 
I 466348 
2 466761 
3 | 467173 
é ie 
467996 
6 168407 
| 468817 
8 469227 
g 469637 
| 10 470046 
| 11 | 9-470455 
12 470863 
13 471271 
14| 471679 
15 472086 
16 472492 
1 472898 
I 473304 
19 | 473710 
20 474115 
21 ane 
22 47492 
23 475327 
24 475730 
25 476133 
26 476536 
2 476938 
Z 477340 
29 477741 
30 478142 
31 478542 
32 2 478942 
33 499342 
34 479741 
35 480140 
36 480539 
3 480937 
3 481334 
39 481731 
40 482128 
41 | g-482525 
42 482921 
43 483316 
44 483712 
45 484107 
46 484501 
47 484895 
48 485289 
45: 485682 
50; 486074 
51 | 9-486467 | 
52 486360, 
53 487251 
34 487643 
55 488934 
56 488424 
5 488814 
9 | 489503 
4 
32 | dagos 
| Cosine 


17 


mew COOK ON 


° 


RSS DARADAADN 


AARDAAAAANHD ARAAAAA 
ANAannar 
Naoon- 


Cosine : Tang. 

9:980596 | -64 | 9-48533 
980558 +64 ? 28579¢ 
980519 | -65 486242 
980480 | -65 486693 
980442 | -65 487143 
980403 | +65 487593 
980364 | -65 488043 
980325 | -65 488492 
980286 | -65 |- 488941 
980247 | -65 489390 
980208 | -65 489838 
9:980169 | -65 | 9-490286 
980130 | -65 490733 
g8oo0g1 | +45 491180 
g80052 | -65 491627 
g8o0012 | -65 492073 
979973 | -65 | 492519 
979934 | -66 492965 
979 > -66 493410 
979855 | -66 493854 
979816 | -66 494299 
+979776 | -66 | 9:494743 
? oe 66 495186 
9199) 66 495630 
979653 | «56 496073 
979018 | «66 496515 
979579 | +65 | 496957 
979539 | +66 | 497399 
979499 | -66 aoe 
979499 | -66 498282 
979420 | -66 498722 
979380 | -66-| 9-499163 
? eg -66 499603 
979300 | -67 500042 
979260 | -67 500481 
979220 | -67 500920 
979180 | -67 501359 
979140 | -67 eakp 
979100 | -67 502235 
979059 | +67 502672 
979019-| -67 503 10g 
-978979 | -67 | 9:503546 
4 378 39 | -67 503982 
978898 | -67 504418 
978858 | -67 504854 
978817 | -67 505289 
97877] | +67 | 505724 
978736 | 67 oe 
978696 | -68 50659 
978655 | -68 507027 
978615 | -68 507460 
978574 | -68 | 9-507893 
2 918543 -68 306326 
978493 | -68 508759 
978452 | -68 509191 
978411 | -68 509622 
978370 | -68 510054 
918928 68 510485 
978288 | -68 510916 
978247 | -68 511346 
978206 | -68 511776 

|. Sine __|-D. | Cotang. | __D 


(72 DEGRERS.) 


SA ss I) FH) 4) 
KR 
lon 


As dss) YH) HH) HJ) 9) YY) 4) 4) 4) 4) 4) 4) YI) 4) 4) 4) 4) 43 4) 4) 41+) 
Dw) 
co 


9 


(17 DEGREES.) 


Cotang. 


10-514661 


51420) 
513758 
513307 
512857 
512407 
§11957 
Bris08 
SI 10N9 
510619 
510162 


10-509714 
509267 
508820 
508373 
507927 
507481 
507035 
506590 
506146 
505701 


10+505257 
504814 
504370 
503927 
503485 
503043 
502601 
50215 
iene 
501278 


10°500837 
Ace 
4999 
499919 
He ae 
498641 
498203 
497765 
497328 
496891 

10+ 496454 
496018 
495582 
495146 
494711 
494275 
493841 
493407 
492973 
492940 

10+492107 
491694 
491241 
49080 
Hoe 
4 ips 
489515 
489084 
789654 
488224 


Ook Be WOR OO DOO 


| 


5 


Tang. | M. 


86 (18 DEGREES.) A TABLE OF LOGARITHMIC 


a4 10°488224 | 60 

a 487794 

“15 487365 BY 
“14 486936 | 57 
“14 486507 | 56 
“13 | 486079 |.55 | 
113 485651 | 54 | 
+12 485223 | 53 
-12 484796 | 52 
“11 484369 | 51 
+10 483943 | 5o 
*Io |10-483516 | 4 


+09 483090 | 4' 
09 _ 482665 | 47 


9511776 
512206 
512635 
513064 

: 513493 

978001 | :69 513921 
977959 | *69 | 514349 
977918 | -69 | 514777 
97787] | *69 | 515204 

977835 | -69 515631 

977794 | 69 516057 

| 


Rab RA RW 
SRY CO. Q~— coco 

ve) 

~~ 

[oe] 

jo) 

os 

nN 


Pe IH ACES Senet aS 
m= NN & 


9°977752 | *69 | 9-516484 


OT77]11 69 516910 
977869 69 HI gao) 


do Cow aK 
or 


6 7 

6 7 

6 7 

6 7 

6 7 

6 7 

6 7 

6 a 

6 7 

6 7 

6 4 

6 7 

os) 7 

6 id 
14] 499388 | 6-39 977628 | «69 517761 7:0 482239 | 46 
15 495772 6. 977586 | -69 518185 7:08 481815 | 45 
16 496194 6:38 977544 | +70 518610 7:07 481390 | 44 
17 | 496537 | 6-37 977503 | *79 | 519034 | 7-06 480966 | 43 
18 496919 6-37 977461 | +70 519458 7:06 480542 | 42 
19 497801 6-36 971419 | *7° 519882 7:05 480118 | 41 
20 497682 6-36 977377 | *7° 520305 7:05 479695 | 40 
21/| 9-498064 | 6-35 | 9+977335 | +70 | g-520728 | 7-04 j10-479272 | 3 
22 498444 6-34 977293 | *7° 521151 7-03 478849 | 3 
23 498825 6-34 9177251 | +70 521573 7-03 478427 | 37 
24 499204 6-33 977209 | *7° 521995 7-03 478005 | 36 
25 499584 6-32 977167 | *7° 522417 7:02 477583 | 35 
26 499963 6-32 977125 | +70 522838 7-02 477162 | 34 
2 500342 6-31 977083 | :70 523259 7:01 476741 | 33 
2 500721 6-31 977041 | +70 523680 7-01 476320 | 32 
29 5o10g9 6-30 976999 | *7° 524100 7-00 475900 | 31 
30 501476 6-29 976997 | *70 524520 6-99 475480 | 30 | 
31 | 9:501854 6-2 9:976914 | +70 | 9+524939 6-99 |10-475061 | 29 | 
32 502231 602 976872 | *71 52535 6.9% 474641 | 28 } 
33 502607 6-28 976830 | +71 525778 6-98 474222 | 27 
34 | 502984 | 6-27 976787 | *71 | 526197 | 6-97 473803 | 26 
35 503360 6-26 976745 | °71 526615 6-97 473385 | 25 
36 503735 6-26 976702 | +71 527033 6-96 472967 24 
37 504110 6-25 976660 | +71 527451 6-096 472549 | 23 
38 504485 6-25 976617 | +71 527868 6.95 472132 | 22 
3q 504860 6-94 976574 | °71 528285 6-95 471715 | 21 
40 505234 6-23 976532 | +71 528702 6-94 471298 | 20 
41 | 9:505605 6-23 -976489 | +71 | 9-52911 6-93 |10-470881 | 1 
42 505981 6-22 % 376446 “TI 529535 6-63 ons 1 
43 506354 6-22 976404 | +71 529950 6.93 470050 | 17 
44 506727 6-21 976361 | +71 530366 6.92 469634 | 16 
49 507099 6-20 676318 | +71 530781 6.91 469219 | 15 
46 507471 6-20 O7O270 oat 531196 6.91 168804 14 
47 507843 6-19 976232 | -72 531611 6.90 468389 | 13 
48 508214 6+1 976189 ' +72; © 532025 6.90 467979 | 12 
49 508585 SI 376146 | +72 532439 6-89 764861 It 
Se | 508956 6-18 976103 | +72 532853 6-89 467147 | 1.0 | 
51 | 9.509326 6-17 | 9:976060 | +72 | 9-533266 6-88 |10-466734 | 9 
52 509696 6-16 976017 | +72 ‘ 533679} 5-88 266401 | 8 
53 510065 6-16 975974 | +72 534092 6.87 465908 
54 510434 6-15 975930 | +72 534504 6.87 465496 i 
55 510803 6-15 675887 | -72 534916 6.86 465084 5 
56 511172 6-14 979844 | +72 535328 6-86 |* 464672 | 4 
57 511540 6-13 975800 | +72 535739 6-85 464261 3 
58 511907 6-13 975757 | °72 536150 6-85 463850 | 2 
59 512275 6 t 

6 S 


+12 979714 | +72 536561 6-84 46343) 
“12 975670 | +72 536972 6-84 763028 ; 


69 512642 


ie Cosine D. Sine D._|_ Cotang, dD. | i Naveen 


i 


PO rs ay 


Z| 


(71 DEGREES.) 


SINES AND TANGENTS. (19 .DEGREES.) 


M.j| Sine 9: Cosine | D.? Tang. D. Cotang. 
© | 9-512642 | 6-12 | 9+975670 | +73 | 9.536972 | 6-84 |10-4630:8 
I 513009 6-11 2 70637 +73 , 537362 6-83 462618 
2 513375 6-11 975583 1 -73 537792 6-83 462208 
3 §13741 6-10 975539 | +73 538202 6-82 4617098 
4 534107 6-09 975496 | -73 538611 6-82 461389 
5 514472 6-0 975492 | -73 539020 6-81 460980 
é 514837 6-08 - 975408 | +73 539429 6-81 460971 
2 515202 6-08 975365 | +73 539837 6-80 460163 

| 515566 6-07 , 975321 | +73; 540245 6-80 459755 
9 515930 6+07 975277 | -73 | 540653 6°79 459347 

10 516294 6+06 975233 | +73 541061 6°79 758939 
It | 9-516657 6-05 | 9-975189 | -73 | ¢-541468 6-78 |10-458532 
12 517020 6-05 975149 | +73 541875 6-78 458125 
13 517382 , 6-04 g75ior | +73 542281 6-77 4957719 
14 517745 6-04 975057 | +73 542688 6°77 457312 
15 518107 6-03 975013 | +73 543094 6-76 456906 
16 518468 6-03 974959 “74 543499 6-76 456501 
I 518829 6-02 974929 | -74 543905 6-7 456095 
I 519190 6-01 974980 | +74 544310 6-75 455690 
1g 519551 6-01 974836 | +74 544715 6°74 495285 | 
20 519911 6-00 974792 | +74 545119 6°74 454881 
21 | 9-520271 6-00 | 9:974748 | -74 | 9 545524 6°73 |10+454476 
22 520631 5-99 974703 | +74 545928 6°73 454072 
23 520999 5-99 974059 | +74 5460331 6+72 45366 
24 521349 5-98 974614 | +74 546735 6:72 453865 
25 521707 5-98 974570 | +74 547138 6°71 452862 
26 522066 5-97 974525 | -74 547540 6°71 452460 
27 522424 5-96 974481 | +74 547943 6+70 452057 
28 522781 5-96 974436 | +74 548345 6+70 451655 

29 523138 5-95 974391 | +74 548747 6-69 451253 

30 523495 5-95 974347 +75 549149 6-69 450851 

31 | 9-523852 5-94 | 9:974302 | +75 | 9-549550 6-68 |10-450450 

32 524208 5-94 974257 | +75 549951 6-68 apondg 

33 524564 5-93 974212 | +79 550352 6-67 44964 

34 524920 5+93 974167 | +79 550752 6-67 449248 

| 39 525275 5-92 974122 | +75 551152 6-66 448848 

36 525630 5-91 974077 | -79 551552 6-66 448448 

3 525984 5-91 974032 | +75 551952 6-65 448048 

3 52633 5-90 973987 | 75 | 552351 | 6-65 447649 

39 526693 5-90 973942 | +79 552750 6-65 441250 

40 527046 5 +89 973897 | +79 553149 6-64 446851 

AI | 9-527400 5-8 9°973852 | «75 | 9-553548 6-64 |10+446452 

42 r peony 5-8 ee +75 ee 6-63 446054 | 

43 | 528105 | 5-88 973761 | -75 | 554344] 6-63 445656 

44 528458 5-87 973716 | +76 554741 6-62 445259 

45 528810 5-87 973671 | +76 555139 6-62 444861 

46 529161 5-86 973625 | +76 555536 6-61 444404 

47| 529513 | 5-86 973580 | +76 | 555933 | 6-61 44406] 

48 | 529864} 5-85 973535 | +76 | 556 29 | 6-60 443671 

49 530215 5-85 973489 | -76 55672 6+60 443275 

5e 530565 5-84 973444 | +76 557221 6-59 442879 

| 

51 ~530915 5-84 973398 | -76 | 9°557517 6-59 |10-442483 

5a (? 531365 5-83 : oytiba +76 557913 6-5 442087 

53 531614 5-82 973307 | +76 558308 6-5 441692 

54 531963 5-82 973261 | +76 558702 6-58 441298 

55 532312 5-81 973215 | +76 559097 6-57 meg 

56 532661 5-81 973169 | +76 559491 6-57 44050 

5 533009 5-80 973124 | «76 559885 6-56 44011 

5 533357 5-80 973078 | +76 Piet 6-56 439721 

59 533704 5+79 973032 | +77 56067 6-55 439921 

60 534052 5-78 972986 | +77 561066 6-55 438934 

i | Certue | _D. Sine | D. | Cotang, | D. | Tang IM. 


(70 DEGREES.) 


— EEE 


9534052 
aan) 
53474 

535092 

535438 

535783 

536129 

536474 

536818 

537163 

537507 


9°53 2 
5381 
338538 
538880 
§3y223 
539565 
939907 
940249 
540590 
540931 
+541272 

« 541613 
541953 
542293 
542632 
542971 
543310 
543649 
543987 
544325 


9°544663 


§45000 
545338 
545674 
546011 
546347 
546683 
547019 
547354 
547689 


9-548024 


54835 
548693 
549027 
ee 
549693 
Bacon6 
550359 
§50692 
551024 


9:551356 


551687 
552018 
552349 
§52680 
553010 
553341 
553670 
554000 
554329 


Cosine | Dz Sine D. | Cotang. ». 


DAA A AAMAS AAA AANAAA AT OOO AA AnDAAA AAAAnaAanan AnAAaAaAanIann Aaan 
DAS ee Oe Bera! St a es tee I, eel OC lel hte ae a Rim Acie Lei we!) wha ee Ser di celal cet” tar ehl Bet at Age TEDL w RT Res Lee Sale eek one ce 
Nn lo) 
—~ nN 


9°972478 
972431 
972385 
972338 
972291 
972249 
972198 
Q72191 
972109 
972058 


9:972011 
971964 
9T1Q17 
971870 
971823 
971776 
971729 
971682 
971635 
971588 


9°971540 
971493 
971446 
971398 
971351 
971303 
971256 
971208 
971161 
971113 


9-971066 


971018 
97997° 
970922 
970874 
970827 
979779 
979731 
970683 
970635 


9:970586 


970538 
970490 
ee 

79394 
970345 
970297 
979249 
970200 
g7¢i52 


Tang. D. 
g-561066 6-55 
561459 6-54 
561851 6-54 
562244 6-53 
562636 6-53 
563028 6-53 
563419 6-52 
563811 6-52 
564202 6-51 
564592 6-51 
364983 6-50 
9-565373 6-50 
565763 6-49 
566153 6-49 
566542 5-4 
566932 6-4 
567320 $-48 
567709 | 6-47 
568008 $-47 
568486 6-46 
568873 6-46 
-569261 6-45 
: 369648 6-45 
570035 6-45 
ae 6-44 
is ie 6-44 
57119 6-43 
571581 6-43 
og) 6-42 
572352 6-42 
572738 6-42 
9:573123 6-41 
573507 6-41 
573892 6.40 
574276 6-40 
574660 6-39 
575044 | — 6-39 
575427 6-3 
570810 6-3 
376193 6-38 
576576 6-37 
9-576958 6-37 
577341 6-36 
577723 6-36 
578104 6-36 
578486 6-38 
Foi 6-35 
271924 ou 
2 +34 
Hae 6-34 
580389 6-33 
9+58076 6-33 
581149 6-32 
581528 6-32 
581907 6-32 
582386 6-31 
582665 6-31 
583043 6-30 
583422 6-30 
583800 6-29 
584177 6-29 


(69 pE@RuEs.) 


Cotang. 


438934 


10 


Io- 


Ke) 


10: 


To- 


To 


- 430739 


»419231 


“417335 


415823 


ani 


437756 
437364 
436972 | 55 
436981 
Bnoid9 
43579 
435408 
435017 


434627 
434237 
433847 
433458 
433068 
432680 
432291 
431902 
431914 
431127 


38 a 
e049 | 
54 


430352 
429965 
429978 
429191 
428805 
428419 
428033 
427648 
427262 
4268 

Z26404 
426108 
425724 
425340 
424956 
424573 
424190 
423807 
423424 


423041 
422659 
422277 
421896 
421514 
421133 
420752 
420371 
419991 
4lgorr 


418851 
418472 
418093 
417714 


416957 
416978 
416200 


SINES AND TANGENTS. 


M. Sine 
@ | 9+55432 
i : 554658 
2 554987 
3 555315 
4 555643 
5 555971 
6 556299 
j 556626 
556953 
9 557280 
Io 557606 
It | 9-557932 
12 ; 336258 
13 558383 
14 558g0: 
15 359234 
16 559558 
I 559883 
I 560207 
19 560531 
20 560855 
21 | 9.561178 
22 561501 
23 561824 
24 562146 
25 562468 
26 562790 
2 563112 
2 563433 
2g 563755 
30 564075 
31 | 9-564396 
32 | ° Pee 
33 | — 565036 
34 565356 
35 565676 
36 hy 
3 566314 
3 566632 
39 566951 
40 567269 
4t 567587 
42 2 567904 
43 366229 
44 568539 
49 568856 
46 569172 
4] 569488 
48 569804 
49 570120 
So} 570435 
51 | 9570751 
52 |? See 
53 571380 
54 571695 
55 57200 
56] 57232 
5 572636 
5 572950 
59 573263 
60 573575 
Cosine 


41 


WOWWWWO WWOHWdOWbOwW SOKA 
RRR N OOH RAAAORII SD ODOON 


Cosine 


9°970152 


970103 
970055 
g70006 
969997 


969999. 
350860 


69811 
969762 
969714 
969665 

9:969616 
969567 
969518 
989469 
969420 
969370 
969321 
969272 

69223 
eas 

9°969124 
969075 
969025 
968976 
a 
968877 

963827 

patie 

96872 

968678 


9+968628 
968578 
968528 
968479 
968429 
6837 
368329 
368278 
968228 
968178 


9:968128 
968078 
968027 
907971 
ae 
967876 
967826 
967779 
967725 
967974 

9967624 
967573 
967522 
967471 
967421 
967370 
967319 
967268 
967217 
967166 


Sine 


(21 DEGREES.) 


39 


D>; |) Lang. D. Cotang. 
+81 -58417 6-29 |10-415823 | 60 
+81 ? 584555 bise 415445 } 5 
“81 584932 $-2 415068 | 5 | 
+81 585309 6-28 414691 | 57 ; 
+81 585686 6-27 414314 | 56 
81 586062 | 6-27 413938 | 55 
81 58643 6:27 413961 | 54 | 
“81 | 586815 | 6-26 | 413185 | 53 
81 587190 6-26 412810 | 52 
+81 587566 6-25 412434 | 51 
+81 587941 6-25 412059 | 5o 
+82 | 9-588316 6-25 |10-411684 | 4 
+82 588691 6-24 411309 | 4 
+82 589066 6-24 410934 | 47 
+82 589440 6-23 410960 | 46 
+82 589814 6-23 410186 | 45 
+82 590188 6-23 409812 | 44 
-82 590562 6-22 409438 | 43 
+82 590935 6-22 sa 42 
+82 591308 6-22 408692 | 4I 
-82 591681 6-21 408319 | 40 
+82 | 9592054 6-21 |10+407946 | 3 
+82 592426 6+20 407574 | 3 
+82 592798 6-20 407202 | 37 
82 593170 6-19 406829 | 36 
+83 593542 6-1 406458 35 
+83 593914 6-1 406086 | 34 
+83 594285 6-18 405715 | 33 
+83 594656 6-18 405344 | 32 
+83 595027 6-17 404973 | 31 
83 595398 6-17 404602 | 30 
-83 | 9-595768 6-17 |10°404232 | 2 
+83 596138 6-1 403862 | 2 
+83 596508 6-16 403492 | 27 
+83 596878 6-16 403122 | 26 
+83 597247 6-15 402753 | 25 
+83 597616 6-15 402384 | 24 
+83 597985 6-15 402015 | 23 
+83 598354 6-14 4o1646 | 22 
+84 598722 6-14 401278 | 21 
+84 5gg091 6-13 400909 | 20 
-84 | 9-599459 6-13 |10-400541 | 1 
84 ea 6-13 400173 

084 600194 6-12 399806 

+84 600562 6-12 399438 

84 600929 6-11 gout 

+84 601296 6-11 398704 

-84 601662 ; 6-11 398338 

84 60202! 6-10 397971 

+84 60239 6-10 397605 

84 602761 6-10 397239 

-84 | 9.603127 6-09 |10+396873 

+84 ‘4 603493 6-09 396504 

+85 603858 6-0 396142 

+85 | 604223 6-0 395777 

°85 . 604588 6-08 395412 

+85 ; 604953 6-07 395047 

-85 605317 6-07 394683 

+85 605682 6-07 394318 

+85 606046 6-06 393954 

85 606410 6-06 393990 

D. | Cotang. D. | Tang. |) 


(68 pEeGREES.) 


el 


| 3 
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Sine | D. Cosine D. Tang. 
+§73575 5.21 | 9-967166 | +85 | g-606410 
i 573868 5.20 967115 | -85 606773 
574206 5-20 967064 | «89 §07137 
574512 5-19 967013 | -85 | 607500 
574824 5-19 966961 | -85 607863 
573136 5-1 966910 | *89 | 608225 
59447 | 5-1 366859 | «85 | 608588 
i §75758 5-18 96680 -85 608950 
1 §76069 | 5-17 966756 | +86 609312 
if 070379 5-17 966705 | +86 609674 
576689 5-16 966653 | -86 610036 
576 5-16 -966602 | -85 | 9-610397 
A Soa 5-16 a 966550 +86 610759 
57761 5-15 966499 | -86 611120 
571927 5-15 966447 | -86 611480 
578236 5-14 966395 | -86 611841 
578545 5-14 966344 | -86 612201 
578853 5-13 966292 | +86 612561 
579162 5-13 966240 | -86 612921 
579470 5-13 966188 | -86 613281 
579777 5-12 966136 -86 613641 
9: 580085 5-12 | 9+966085 | -87 | 9-614000 
580392 5-11 966033 | -87 614359 
58069 5.11 965981 | +87 614718 
ced 5.11 965928 | -87 615077 
581312 5-10 965876 | -87 615435 
581618 5.10 965824 | -87 615793 
581924 5-09 965772 | :87 GiGee 
582229 5-09 965720 | +87 616509 
582535 5-0 965668 | +87 616867 
582840 5-0 965615 | +87 617224 
9°583145 5-08 | 9-965563 | -87 | 9:617582 

583449 5-07 965511 | -87 61793 

583754 5-07 965458 | -87 6182 
584058 5-06 965406 | -87 618652 
584361 5-06 965353 | -88 619008 
584665 5-06 65301 | -88 619364 
584968 5-05 965248 | -88 619721 
585272 5-05 965195 | -88 620076 
585574 5-04 965143 | -88 620432 
585877 5+04 965090 | -88 620787 
9:586179 5-03 -965037 | -88 | 9-621142 
586482 5-08 ? 364984 -88 621497 
586783 5-03 964931 | -88 ' 621852 
587085 5-02 SbAe IG 88 | 622207 
587386 5-02 964826 | -88 622561 
587688 5-01 964773 | -88 622915 
584989 5-01 964719 | -88 623269 
588289 5-ol 964666 | -89 623623 
588590 5-00 964613 | -89 623976 
588890 5-00 964560 | +89 624330 
9:589190 4-99 | 9:964507 | -89 | 9-624683 
589489 4:99 964454 | +89 625036 
ees) 499 964400 | -89 625388 
59008 4:9 964347 | -89 625741 
590387 4:98 964294 | -89 626093 
590686; 4-97 964240 | +89 626445 
590984 | 4-97 964187 | +89 | 626797 
591282 4:97 964133 | -89 627149 
591580 4:96 964080 | -89 627501 
591878 4-96 964026 | -89 627852 

_1 Cosive Dd. Sine 


lb. Cotang. Ds uli 


DEGREES.) 


PARP AAR 


DAAADDW 


DAA AA NOOO OAT OOOO AH OV NAAM AAAAON OO AOA OO OVO Orr Orn Ov OVOVO 


*00 


190 


10 


10: 


10o- 


10 


Cotang. 


*393590 
393227 
392863 
3925.0 
392137 
Boi 79 
391412 


391050 


390088 
390326 
359964 


389603 
389241 
388880 
388520 
388159 
387799 
387439 
387079 
386719 
386359 


386000 
385641 
385282 
384923 
384565 
334207 
383849 
3E3491 
383133 
382776 


382418 
382061 
381705 
381348 
380992 
380636 
380279 
379924 
379968 
379213 
- 378858 
378503 
378148 
377793 
Sane 
37708 
376731 
376377 
376024 


375670 


375317 
374964 
374612 
i 
0) 
343955 
373203 
372851 
37249) 
37214 


Tang. (3 


wn 


SU Sayan. 
mw Gin OVI CO 


5i 


| Om wm WR OHI COO 


5 


M. Sine 
0 | g-5g1878 | 
i 592176 | 
2 592475 
3 592770 
4 593067 
5 593363 
6 593659 
7 593955 
8 594251 
S 594947 
Ic 594842 
11 | g 595137 | 
12 575432 
13.1 §95727 
14 596021 
15 336305 
16 ee 
I 59690 
I 597196 
19 297490 
20 | 597783 
21 +598075 
22 ? 598368 
23 | 598660 
24 598952 
25 599244 
26 599936 
27 599827 
28 600118 
29 600409 
30 600700 
31 -600990 
32 _ Geisha 
33 601570 
34 601860 
35 602150 
36 602439 
3 602728 
3 603017 
39 603305 
40 603594 
41 | 9-603882 
42 604170 
43 604457 
44 604749 
49 605032 
46 605319 
4 605606 
4 605892 
49 606179 
5o 606465 
5: | 5-606751 
22 607036 
53 607322 
54 607607 
BS 607892 
56 608177 
5 608461 
5 608745 
59 60902 


60 60931 : 
2 pe | (ees eee ee ee 
| Cosine | 


SINES AND TANGENTS. 
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OO mem NN CWOK ER Oann 
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LEELA RARE PERA RAR ADA PARA RAR RAD RARE DARA HRA AR AR AD RRA DARE RA RAD 
CO OF BR RUN KD OOH 


ee ee eee eee 
WWWwhAHRANDD O-InA OCWMOOOODO 
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Cosine 


©+961235 
96117 
96112 
961067 
g6tort 
960955 

60 

HE 
960780 
960730 


Sine 


(66 


(23 LEGREES.) 4] 
= SS] 
D Tang. D. Cotang. 

“89 | 9:627852 | 5-85 10372148 | 60 
-89 628203 5-85 371797. | 5 
+89 628554 5-85 371446 | 5 
+90 628905 5:84 371095 | 5 
«go 629255 5-84 370745 | 5 
“go 629606 5-83 370394 | 53 
«go 629996 5-83 370044 | 94 
*go 630306 5-82 369694 , 53 
+90 630656 5-83 369344 | 52 
+90 631005 5-82 368995 51 
+90 631355 5-82 368645 | 50 
-90 | 9-631704 5+82 |10-368296 | 4 
“90 632053 5-81 367947 | 4 
+90 632401 5-81 367599 | 47 
+90 632750 5-81 367250 | 46 
+90 633098 5-80 366902 | 45 
+90 633447 5+80 366553 | 44 
“gl 633795 5-80 366205 | 43 
-ot | 634143 | 5-79 365857 | 42 
“gl 634490 5*79 365510 | 4I 
“Ql 634838 5°19 365162 | 40 
“91 | g:635185 5+78 |10-364815 | 3 
+91 635532 5-78 364468 | 3 
QI 635879 5-78 364121 | 37 
“91 636226 5°77 363774 | 36 
-OI 636572 5°77 363428 | 35 
91 636919 5°77 363081 | 34 
“QL 637265 5°77 362735 | 33 
“QI 637611 5+76 362389 | 32 
“91 637956 5+76 362044 | 31 
+92 638302 5+76 361698 | 30 
-92 | 9-638647 5°75 |10-461353. | 2 
+92 638992 5+75 361008 | 2 
+92 639337 | 5+75 360663 | 27 
+92 639682 5*74 360318 | 26 
“92 640027 5°74 359973 | 25 
+92 640371 5-74 359629 | 24 
-g2| 640716] 5-73 359284 | 23 
+92 641060 5-73 358940 | 22 
+92 641404 5+73 358596 | 21 
92 641747 5+72 358253 | 20 
+92 | 9+642091 5+72  |10-357909 | I 
“92 | © 642434] 5-72 35766 | 1 
+92 642777 5-72 307223 | 17 
+93 643120 5-71 356880 | 16 
“G3 643463 5-71 356537, 49 
93 643806 5-71 356194 14 
“93 644148 5+70 355852 | 13 
+93 644490 5-70 355510 | 12 
93 644832 5+70 355168 | U1 
+93 645174 5-69 354826 | 10 
93 | 9645516 5-69 |£0+354484 2 
+93 645857 5-69 354143 

+93 $46199 2) 353801 | 7 | 
-g3 645540 5-6 353460 ) 
-93 646881 5-68 353119 |_ 9 
-93 647222 5-68 352778 | 4 
+93 647562 5-67 352438 3 
94 647903 5-67 352097 | 2 
“94 648243 5-69 SorqzoTA E 
94 648583 5-66 351417 | 0 
D. | Cotang. D. | Tang. | M. | 
DEGREES.) 


et 
eH OD CI OUR WH m=O 
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(24 DEGREES.) A TABLE OF LOGARITHMIC 


g+609313 
609597 
60988e 
610164 
610447 
610729 
611012 
611294 
611576 
611858 
612140 


9-612421 
612702 
612983 
613264 
613545 
613825 
614105 
614385 
614665 
614944 

9-615223 
615502 
615781 
616060 
616338 
616616 
616894 
617172 
617450 
617727 

9618004 
618281 
618558 
618834 
619110 
619386 
619662 
619938 
620213 
620488 


9-620763 
621038 
621313 
621587 
621861 
622135 
622409 
622682 
622956 
623229 


9623502 
623774 
624047 
624319 
624591 
624863 
625135 
625406 
62567 
62594 


Cosine 


& 
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oOOF ss & 


S 


Cosine 


9+960730 
960674 
960618 
g60561 
960505 
960448 
960392 
960335 
960279 
960222 
960165 


9:960109 
g60052 
959999 
959938 
959882 
959825 
959768 
959711 
959654 
959596 

> 9 

4 
escan 
959368 
959310 
959253 
959195 
959138 
959081 
959023 

9°958965 
958908 
958850 

958792 

998734 

958677 

958619 

958561 

958503 

958445 


9-958387 
958329 
958271 
958213 
958154 
958096 
958038 
957979 
957921 
957863 

9°957804 

. 957746 
957687 
957628 
957570 
957511 
alas 
9573 
957385 


957276 | - 


Sine 


D 


| 


Tang. 


8 


Cotang. 


9648583 | 
648923 | 
649263 
649602 
S091) 4 
650281 
650620 
650959 
651297 
651636 
651974 

9652312 
652650 
652988 
653326 
653663 
654000 
654337 
654674 
655011 
655348 


9-655684 
656020 
656356 
656692 
657028 
657364 
6576 
658034 
658369 
658704 


9-65903 
65937 
659708 
660042 
660376 
660710 
661043 
661377 
661710 
662043 


9+ 662376 
662709 
663042 
663375 
663707 
664039 
664371 
664703 
665035 
665366 


+6656 

z ee6on6 
666360 
666691 
467021 
667352 
667682 
668013 
668343 
668672 


Cotang. 
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}10-351417 


351077 
350737 
350348 
350058 
34971 

349580 
349041 
348703 
348364 
348026 


$0-347688 
347350 
347012 
346674 
346337 
346000 
345663 
345326 
344989 
344652 
10-344316 
343980 
343644 
343308 
342972 
342636 
342301 
341966 
341631 
341296 


10-340961 
340627 
so? 
339998 
339624 
339290 
338057 
338623 
ee 
337997 

10-337624 
337291 
336998 
336625 
336293 
335961 
335629 
335297 
334965 
334634 


10+334303 
333971 
33364¢ 
333309 
33297 
33264) 
332318 
331987 
331657 


331328 


Tang. 


SINES AND TANGENTS. 


,--— 


M. Sino | D. 
c , 9°625948 4-51 
I 626219 | 4-51 
2 626490 | 4-51 
3 626760 | 4:50 
4 627030 ; 4:50 
5 627300 | 4:50 
6 627570 |- 4:49 
1! 627840 | 4°49 
8 62810 4°49 
9 62837 4-48 
ia) 628647 4-48 
t1 | 9°628916 | 4:47 
12 629185 | 4°47 

13 629453 4:4] 

14 629721 | 4:40 

15 629989 | 4:46 

16 630257 | 4:46 

17 630524 ; 4:46 

18 630792 | 4:49 

19 631059 | 4:49 

20 631326 | 4-49 

21 | 9°631593 | 4°44 

22 631859 ; 4:44 

23 632125 | 4-44 

24 632392 4-43 

25 632658 4-43 

26 632923 | 4-43 

27 | 633189 | 4-42 

28 633454 | 4-42 

29 633719 | 4-42 

30 633984 4-41 

31 | 9:634249 | 4-41 

32 634514 4-40 

33 634778 | 4:40 

34 635042 | 4-40 

35 635306 | 4:39 

36 635576 | 4-39 

37 635834 | 4:3 

38 636097 | 4:3 

39 | 636360 | 4-38 

40 636623 | 4:38 

4t | 9°636886 | 4-37 

42 637148 | 4:37 

43 637411 4:37 

44 637673 4°37 

45 637935 : 4:36 

36 | 638197 | 4-36 

4 638458 4°36 

4 638720 | 4:35 

4 638981 | 4-35 

! es 639842 4:35 

51 | 97639403) 4:34 

52 639764 | 4°34 

58 640024 | 4-34 

54 640284 | 4-33 

55 640544 | 4-33 

56 640804 | 4-33 

59 641064 4:32 

58 641324 | 4-32 

59 641584 | 4-32 

60 641842 | 4-31 

Cosine PD 


Cosine D. 
9+957276 -98 
057217 -98 
957158 -98 
997999 | +98 
957040 -98 
956981 +98 
56921 “99 
956862 *99 
996803 99 
956744 “99 
956684 99 
-956625 “99 
° 956566 -99 
996506 +99 
996447 599 
996387 *99 
936327 “99 
956268 “99 
956208 | I-00 
956148 | 1-00 
956089 | 1-00 
9-956029 1-00 
955969 1-00 
5590 I-00 
955849 1-00 
955789 1-00 
955729 | 1-00 
953669 | 1-00 
955609 | 1-00 
55548 | 1-00 
955488 | 1-00 
-955428 | 1-01 
a 955368 1-01 
955307 | 1-01 
g55247 | 1-01 
955186 | i-o1 
955126 | 1-01 
955065 | 1-01 
955005 | 1-01 
954944 1-01 
994883 1-01 
9 994823 1-01 
954762 | 1:01 
954701 1-01 
994640 1-o1 
95457 1-OL 
95451 1-02 
954457 | 1:02 
954396 | 1-02 
954335 1-02 
954274 1:02 
9°994213 1:02 
954152 | 1-02 
954090 1-02 
954029 | 1-02 
953968 | 1-02 
953906 | 1-02 
353845 1-02 
953783 | 1-02 
953722 | 1-03 
953660 | 1-03 

Sine D. 


(25 DEGREES.) 


| Tang. 


669002 
669332 
669661 
669991 
670320 
670649 
670977 
671306 
671634 
671963 


3°672291 
672619 
672947 
673274 
673602 
673929 
674257 
674584 
674910 
675237 
-675564 
z 675890 
676216 
676543 
676869 
677194 
677520 
677846 
678171 
678496 


9+678321 
679146 
erga! 
197 
Aes 
680444 
680768 
681092 
681416 
681740 


9+682063 
682387 
682710 
683033 
683356 
683679 
684001 
684324 
684646 
684968 


-685290 
¢ 685672 
685934 
686255 
6865 
686896 
687219 
687540 
687861 


Cota 
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9668673 


688182 
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Cotang. 


10° 


10: 


10- 


10- 


To: 


331327 
330998 
330608 
330339 
330009 
329680 
329351 
329023 
328694 
328366 
328037 


327909 
327381 
327053 
326726 
326398 
326071 
325743 
325416 
325090 
324763 


324436 
324110 
323784 
323457 
C2 eneT 
322806 
322480 
322154 
3218 

era 


321179 
320854 
32052 

32020 

319880 
319556 
319232 
318908 
318584 
312260 


+317937 


317613 
317290 
316967 
316644 
316321 
315999 
315676 
315354 
315032 


314710 
314388 
314066 
313745 
313423 
313102 
312781 
312460 
312139 
311818 


Tang. {1 
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(26 DEGREES,) A TABLE OF LOGARITHMIC 


9-641842 


642101 


642360 


642618 
642877 
643135 
643393 
643650 
643908 
644165 
644423 


9644680 
644936 
645103 
645450 
645700 
645962 
646218 
646474 
646729 
646984 


9+647240 
647494 
647749 
648004 
648258 
648512 
648766 
649020 
649274 
649527 
9649781 
650034 
650287 
650539 
650792 
651044 
651297 
651549 
651800 
652052 


9-652304 
652555 
652806 
653057 
653308 
653558 
653808 
654059 
65430 
654558 


9:654808 
655058 
655307 
655556 
655805 
656054 
656302 
656551 
6567 
657047 


Cosine 


Cosine 
4:31 | 9-953660 
4°31 953599 
4:31 953537 
4-30 993475 
4-30 953413 
4:30 953352 
4:30 953290 
4:29 953228 
4:29 993166 
4:2 953104 
4:2 933042 
4:28 | 9-952980 
4-28 o5agr8 
4:27 952855 
4:27 952793 
4°27 952731 
4:26 952669 
4:26 952606 
4:26 952544 
4-25 952481 
4:25 952419 
4-25 | 9+952356 
4:24 952294 
4:24 952231 
4-24 952168 
4:24 952106 
4:23 952043 
4-23 951980 
4:23 g51917 
4-22 951854 
4:22 951791 
4-22 | 9+951728 
4:22 951665 
4-21 951602 
4-21 951539 
4-21 951476 
4:20 951412 
4:20 951349 
4:20 951286 
4:19 951222 
4:19 951159 
4rl 9:951096 
4rl 951032 
4-18 950968 
4-18 950905 
4-18 950841 
4+V7 950778 
4-17 950714 
4:17 950650 
416 950586 
4:16 950522 
4-16 | 9950458 
4:16 950394 
4-15 350340 
4:15 950266 
415 950202 
4-14 950138 
4:14 950074 
4-14 950010 
4-13 949945 
4-13 949881 
D Sine 


—$s »_ 


D. Tang. Cotang. 

1-03 | g-688182 5-34 |10+311818 
103 688502 | 5-34 311498 
1-03 688823 5-34 311177 
1-03 689143 | 5-33 310857 
+03 689463 | 5-33 310537 
1-03 689783 | 5-33 310217 
1-03 6g0103 | 5-33 309897 
I-03 690423 | 5-33 309577 
1-03 690742 | 5-32 | 309295 
1-03 691062 | 5-32 08938 
1-03 691381 ; 5-32 308615 
1-04 | 9-691700 | 5-31 |19+308300 
1-04 692019 |. 5-31 307981 
1-04 692338 | 5-31 307662 
1-04 692656 | 5-31 307344 
1-04 692975 | 5-31 307025 
1-04 693293 | 5-30 306707 
1-04 693612 | 5-30 306388 
1-04 693930 | 5-30 306070 
1-04 694248 5-30 305752 
2704 694566 | 5-29 305434 
1-04 | 9-694883 | 5-29 |10-305117 
T-04 695201 | 5-29 304799 
1-04 695518 | 5-29 304482 
1-09 695836 | 5-2 304164 
1-05 696153 | 5-2! 303847 
1-05 696470 | 5-28 303530 
1-05 696787 | 5-28 303213 
1-09 697103 | 5-28 302897 
1-05 697420 | 5-27 302560 
1-09 697736 | 5-27 302264 
1-05 -698053 5-27 j10+30194 

1-09 ‘ 698369 oe 301631 
1-05 698685 | 5-26 301315 
1-05 699001 | 5-26 300999 
1-05 699316 | 5-26 300084 
1-05 699632 | 5-26 300368 
1-06 699947 | 5-26 300053 
1-06 700263 | 5-25 299737 
1-06 700578 | 5-25 299422 
1-06 700893 | 5-25 299107 
1-06 | 9-701208 | 5-24 |10-298792 
1-06 701523 5-24 298477 
1-06 701837 | 5.24 298163 
1-06 702152 5-24 297848 
1-06 702466 | 5-24 297534 
1-06 702780 | 5-23 297220 
1-06 703095 | 5-23 296902 
1-06 pees 5-93 296591 
1-06 70372 5-23 296277 
1-07 704036 | 5-22 295964 
1-07 | 9-704350 | 5-22 |10-295650 
1:07 704663 | 5-22 295337 
1-07 704977 | 5-22 295023 
1+07 705290 | 5-22 294710 
1-07 yo3603 | 5-21 294397 
1-07 7o5916 | 5-21 294084 
1-07 706228 | 5-21 293772 
1-07 706541 | 5-21 293459 
1:07 706854 |} 5-21 293146 
1-07 707166 | 5-20 292834 
D Cotang. 
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Sine D, Cosine Dz. Tang. The Ds Cotang. | 
> | 9:657047 | 4-13 | 9-949881 1-07 | g-707166 | 5-20 |10:292834 | 60 
657299 | 4-13 949815 | 1-07 707478 | 5-20 292522 | 5 
657542 | 4-12 949752 | 1-07 707790 | 5-20 292210 | 5 
65779¢ | 4-12 949688 | 1-08 jo8i02 | 5:20 291898 | 57 
658037 | 4-12 | 949623 | 1-08 708414 | 5-19 291586 | 56 
658284; 4-12 | 949558 | 1-08 708726 | 5-19 291274 | 59 
658531 Air 949494 I-08 709037 5-19 290963 | 54 
658778 | 4-11 | 949429 | 1-08 709349 | 5-19 290651 | 53 
639025 | 4-11 | 949364 | 1-08 709660 | 5-1 290340 | 52 
699271 | 4-10 949300 | 1-08 qogg7t | 5-1 290029°| 51 
656517 | 4-10 949235 | 1-08 710282 | 5-18 aho7t 5o 
IT | 9-659763 | 4-10 | 9+949170 | 1-08. | 9710593 | 5-18 J10+289407 | 4 
12 | 660009 409 949105 I+08 7110904 5-18 2890096 | 4 
13 660259 4:09 949040 1-08 711219 5-18 285785 4] 
14 660501 | 4-09 948975 | 1-08 711925 | 5-17 288475 | 46 
15 660746 | 4-09 948910 | 1-08 711836 | 5-17 288164 | 45 
16 | 660991 | 4-08 948845 | 1-08 712146 | 5-17 | 287854 | 44 
I 661236 4-08 948780 I-09 712456 5-17 287544 | 43 
I 661481 | 4-08 948715 | 1-09 712766 | 5-16 287234 | 42 
19 661726 | 4:07 948650 | 1-09 713076 | 5-16 286924 | 41 
20 661970 | 4-07 948584 I-09 713386 | 5-16 286614 | 4o 
21 | g-662214 | 4-07 | 9+948519 | 1-0 -713696 | 5-16 |10-286304 | 3 
22 662459 ee Z oABA54 sa : Oa 5-16 285999 | 3 
23 662703 | 4-06 948338 I-09 714314 | 5.15 285686 | 37 
24 662946 | 4-06 948323 I-09 714624 | 5.15 285376 | 36 
25 Pe 4:06 948257 | 1-09 714933 | 5.15 285067 | 35 
26 663433 | 4-05 948192 I-09 915242 | 5-15 284758 | 34 
2 663677 | 4-05 948126 | +09 715551 | 5-14 284449 | 33 
2 663920 4:05 948060 1-09 715860 5-14 284140 | 32 
29 664163 4°05 947999 I-10 716168 5.14 283832 | 31 
30 664406 | 4-04 947929 | I-10 716477 | 5-14 283523 | 30 
31 | 9-664648 4-04 9°947863 I-10 9+ 716785 5-14 }10-283215 | 2 
32 664891 | 4-04 947791 | 1-10 717093 | 5-13 282907 | 2 
33 665133 | 4-03 947731 | 1-10 717401 | 5-13 282599 | 27 
34 665375 | 4-03 047665 | 1-10 717709 | 5-13 282291 | 26 
35 665617 4-03 947600 I-10 718017 5.13 231983 | 25 
36 665859 4°02 947533. 1-10 718325 5.13 281670 | 24 
3 666100 | 4-02 947467 | 1-10 718633 | 5.12 281367 | 23 
3 666342 | 4-02 947401 ‘1+ 10 718940 | 5.12 281060 | 22 
39 666583 | 4-03 947335 +10 719248 | 5.12 280752 | 21 
40 666824 4or 947269 1-10 719555 512 280445 | 20 
4I -667065 | 4-or “947203 | 1-10 | 9:719862 | 5.12 |10-280138 | 1 
42 : 667305 | 4-or A Bey I-It 720169 | 5-11 279831 | 1 
43 667546 | 4-or g470o7¢ | I-11 720470 | 5-11 2769524 | 17 
44 667786 | 4-00 947004 | I-11 720783 | 5-11 279217 | 16 
45 668027 | 4-oo 946937 | 1-11 721089 | 5-11 278911 | 15 
46 668267 | 4-00 346871 I-11 721396 | 5-11 278604 | 14 
47 668506 | 3-99 946804 | 1-11 721702 | 5-10 278298 | 13 
48 668746 | 3-99 946738 | 1-11 72200 5-10 277991 | 12 
49 668986 | 3-99 946671 I-11 72231 5+10 277685 | 11 
50 | 669225 | 3-99 g46604 | 1-11 722621 | 5-10 | 277379 | 30 
51 +669464 | 3-98 | 9-946538 | 1-11 | 9+722927 | 5-10 |10:277073 
52 z hrc) 3-08 946471 | I-11 723232 | 5-09 276768 3 
53 | 669942 | 3-98 946404 | I-11 723538 | 5-09 276462 | 7 
54 670181 | 3-97 946337 I-11 723844 | 5-09 276156 | 6 
55 670419 | 3-97 946270 | 1-12 724149 | 5-09 275851 | 5 
56 670658 | 3:97 946203 | 1-12 724454 | 5-09 275546 | 4 
5 670896 | 3-97 946136 | 1-12 724759 | 5-08 275241 | 3 
5 671 134 3-96 946069 | 1-12 725065 | 5-08 274935 | 2 
59 671372 | 3-96 946002 | 1-12 725369 | 5-08 274631 | 1 
60 671609 | 3-96 945935 | 1-12 725674 | 5-08 274326 | o 
Cosine z Sine D. Cotang. D. “Tema Le. | 
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Sine 


" 9:671609 


671847 
672084 
672321 
672558 
672795 
673083 
673268 
673505 
673741 
6 y3977 


9 674212 ! 


674448 
§74684 
67491 

6y5e55 
675390 
675624 
$75859 
676094 
676328 


9-676562 
ce 
677030 
677264 
ithe 
677731 
677964 
678197 
678430 
678663 


+678895 
“ 679128 
679360 
679592 
6793824 
680056 
680288 
680519 
680750 
680982 


g-681213 
681443 
681674 
681905 
682135 
682365 
682595 
$82825 
683055 
683284 


9°683514 
683743 
683972 
684201 
684430 
684658 
684887 
685115 
685343 
685571 


Cosine 
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Cosine 


9945935 


945868 
945800 
949733 
945666 
le 
945531 
945464 
945396 
945328 
945261 
9°945193 
949129 
945058 
944990 
944922 
944854 
944786 
944718 
94450 
944582 


9944514 
944446 
944377 
944309 
944241 
944172 
g44104 
944036 
943967 
943899 

9943830 
943761 
943693 
943624 
943555 
943486 
943417 
943348 
943279 
943210 


9°943141 
943072 


943003 


942934 
942864 
9427995 
942726 
942656 
942587 
942517 
9°942448 
942378 
942308 
942239 
942169 
942099 
942029 
941959 
941889 


941819 


Tang. D. Coteng. | 
1-12 | 9:725674 | 5-08 |1e-27432$ | 60 
I-12 725979 | 5-08 274021 2 
I-12 7126284 5-07 273716 | 53 
.i0 26588 | 5-07 | 273412 | 57 | 
1-12 726892 | 5-07 273108 | 56 + 
1-12 727197 | 5-07 272802 | 53 
I-12 727501 ; 5-07 272499 } 54 
1-13 | 727805 | 5-06 272195 | 53 
1-13 728109 | 5-06 271891 | 52 
1-13 728412 | 5-06 271568 51 
1-13 728716 | 5-06 271284 | 50 
1-13 | 9729020 | 5-06 |10-2709860 | 4 
1-13 729323 | 5-05 270677 | 4 
1-13 729626 | 5-05 270374 | 47 
1-13 729929 | 5-05 270071 | 40 
1-13 730233 | 5-05 269767 | 45 
1-13 730535 | 5-05 269465 | 44 
1-13 730838 5-04 269162 | 43 
1-13 731141 | 5-04 268859 | 42 
I-13 731444 5-04 268556 | 41 
1-14 731746 | 5-04 268254 | 40 
1-14 | 9*732048 | 5-04 |10-267952 | 3 
1-14 732351 5-03 267649 | 3 
1-14 732653 5-03 267347 | 37 
1-14 732955 5-03 267045 | 36 
I-14 peel 5-03 266743 | 35 
I-14 73355 5-03 266442 | 34 
I-l4 733860 5-02 266140 | 33 
I-14 734162 | 5-02 265838 | 32 
I-14 734463 | 5-02 265537 | 31 
I-1 7134764 | 5-02 265236 | 30 
I-14 | 9°735066 5-02 |10+264934 | 2 
I-14 735367 5-02 264633 | 2 
1-15 735668 5-o1 264332 | 27 
1-15 735969 | 5-01 264031 | 26 
1-15 736269 | 5-or1 263731 | 25 
1-15 736570 | 5-o1 263430 | 24 
1-15 736871 | 5-o1 263129 | 23 
1-15 737171 5-00 262829 | 22 
1-15 737471 | 5-00 262529 | 21 
1-15 737771 | §-00 262229 | 20 
1-15 | 9*738071 | 5-00 |10-261929 | 1 
1-15 738371 5-00 261629 | 1 
r-15 7386071 | 4:99 261329 | 17 
1-15 738971 | 4:99 261029 | 16 
1-15 | 739271 | 4-99 260729 | 15 
1-16 739570 | 4:99 260430 | 14 
1-16 739870 | 4:99 260130 | 13 
1-16 74016 en 259831 | 12 
1-16 740468 4:9 259532 | 11 
1-16 740767 | 4-98 259233 | Io 
1-16 | 9+741066 | 4-98 !10-258934 g 
1-16 741365 | 4:98 258635 
1-16 7141664 | 4-98 258336 Z 
1-16 741962 | 4:97 258038 
1+16 742261 | 4:97 257739 | 5 
1-16 742559 | 4:97 257441 | 4 
1-16 742858 | 4-97 257142; 3 
1-16 743156] 4+97 256844 | 2 
I-17 743454 4:97 256546 I 
1-17 743752 | 4:9 256248 | o 
Sine D. Cotarg. ide Tang. 
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Sine 


9685571 


685799 
686027 
686254 
686482 
686709 
686936 
687163 
a? 
68761 

687843 


9° 68806 
68829 
688521 
688747 
688972 
689198 
689423 
689648 
689873 
690098 

g-690323 
690548 
690772 
690996 
691220 
691444 
691668 
691892 
692115 
692339 


9+ 692562 
692785 
693008 
693231 
693453 
693676 
693898 
694120 
694342 
694564 


9694786 
695007 
695229 
695450 
695671 
695892 
696113 
696334 
690554 
690778 
+696995 
Q a 
697435 
697654 
094 
698313 
698532 
698751 
698970 
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Cosine 


9+941819 


941749 
941679 
941609 
941539 
941469 
941398 
941328 
941258 
941187 
941117 


9+941046 
940975 
940905 
940834 
940763 
940693 
940622 


940551 
940480 
940409 
9-940338 
940267 
940196 
940125 
940054 
939982 
pee 
939840 
939768 
939697 
9-939625 
939554 
939482 
939410 
939339 
939267 
939199 
939123 
939052 
935980 
+938908 
4 338836 
938763 
938691 
938619 
938547 
938475 
938402 
938330 
938258 


-938185 
4 238113 


938040 
937967 
937895 
937822 
937949 
937676 
937604 
937531 


Sine 


D. 


a | 
_ 
i 


ee ee ee) 
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ee 
I 
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I 
Se) 
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° 
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i 


D. 


(29 DEGREES.) 


Tang. 


9743752 


744050 
744348 
744645 
744943 
745240 
745538 
745835 
746132 
746429 
746726 


9°747023 
747319 
747616 
747913 
74820 
748508 
748801 
749097 
Leeds 
749639 
9+ 749985 
750281 
750576 
750872 
751167 
751462 
791797 
752052 
75234 
Leas 


+75293 
: 153031 
753526 
753820 
754115 
ge 
Tey 
4 

755291 
755585 
9+755878 
756172 
7156465 
796759 
757052 
757345 
mee 

I 
sb aah 
758517 


9:758810 
759102 
759395 
7159687 

759979 

7160272 

760564 

760856 

761148 


761439 


(60 DEGREES.) 


Cotang. | 


D. 


HHHHHERRARRRH 
WOOO OOOOO0OO0NO 


DON OW O11 OV OY ON OV ON DD OD 


i 


10+256248 
255950 
255652 
255355 
255057 
254760 
| 954462 
254165 
253868 
253571 
253274 


4:94 |10. 252977 
4:94 252681 
4:94 252384 
#98 252087 
4:94 251791 
4-93 251495 
4-93 a 
4-93 25090: 

4-93 250607 
4:93 250311 


4:93 |10-250015 
4-92 249719 
4-92 249424 
4:92 249128 
4-92 248833 
4:92 248538 


2 248243 


4-91 247948 


AR 
OOo 0 00 


REREAD AAAD RRARRARARAD RRAAARDARA 


D 


GOO 0 10 0 OO 
CoC COCOCOOF mm 


° 
WOHMWDWMDDADDMOMD BDDDWDDAWMWMAOO 
AHWBAIAAAA~IO WDDWDAAOOOOOO 


247653 
247358 


10+ 247063 
246769 
246474 
246180 
245885 
245591 
245297 
245003 
Bost 
24441 


10+244122 
243828 
243535 
243241 
242948 
242655 
242362 
242069 
241776 
241483 


10+241190 
240898 
240605 
240313 
240021 
239728 
239436 
239144 
238852 
238561 


= 


Tang. 


. 
es 


| Cotang. 


Om we ORO OH! CO 


IM, 


48 

.| Bine 
° gecenyy 
: aly 9 
407 
3 Bee! 
4 699844 
5 700062 
6 700280 
7 00498 
8 foes 
9 700933 
10 JOLISI 
IT | 9-701368 
12 701585 
13 701802 
14 702019 
15 702236 
16 702452 
I 702669 
I 702885 
Ig 7O3101 
20 703317 
at | g+703533 
22 | 703749 
23 703964 
24 704179 
25 704399 
26 704610 
2 704825 
2 705040 
29 705254 
30 705469 
31 +705683 
Ba is 705898 
33 706112 
34 706326 
35 706539 
36 706753 
3 706967 
3 707180 
39 | 707393 
40 707606 
4L | 9+707819 
42 708032 
43 708245 
44 708458 
49 108670 
46 708862 
ao 09094 
48 709306 
45 709518 
99 | 709730 
51 +709941 
52 Taores 
53 7110364 
| 54 710575 
55 710786 
56] 71099 
37 71120 
58 711419 
59 711629 
711839 
Cosine 


(30 DEGREES.) A TABLE OF LOGARITHMIC 
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RRND 
wwhd 


WWWWWWW WWWWWWWWWW WWWWWWWWWW WWWWWWWWWW WOH WWW HWW WWWW WWW WW 
Ck ake . he re ery 5) ie 
ice} 


oo 
oO 
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935840 
935766 
35692 
335698 
935543 
93546 
935399 
935320 


9-935246 
935171 
935097 
935022 
934948 
934873 
934798 
934723 
934649 
934574 


9934499 
934424 
934349 
934274 
934199 
eas 
934048 
93397 
933808 

933859 


9+933747 
933671 
933596 
933520 
933445 
93336 
93329 
933217 
933141 


933066 


Sine 


ee ee | 


eee 


ee ee 


mm et 


764352 


9+ 764643 
764933 
765224 
765514 
765805 
766095 
766385 
766675 
766965 
767255 


9767545 
767834 
768124 
768413 
768703 
768992 
nega 
769570 
769860 
770148 


9+ 770437 
770726 


are 
4 
75848 
775333 
775621 
775908 
9°776195 
7716482 
776789 
77799 
717342 
777628 | 
7717919 
778201 
778487 © 
718774 


(59 peGress.) 


4:77 
4-77 


Cotane. 1 D. 


10-238561 
238249 
237977 
237686 
337394 
237103 
236812 
236521 
234230 
23593 
235048 

10- 235357 
235067 
234776 
234486 
234195 
233905 
233615 
233325 
233035 
232745 


10-239455 
232166 
231876 
231587 
231297 
231008 
230719 
230430 
230140 
229852 


10-299563 
229274 
228985 
228697 
228408 
228120 
227832 
227543 
227255 
226967 


10.226679 
226392 
226104 
225816 
225529 
225241 
224954 
224667 


224092 


10.293805 
223518 
223231 
222945 
222658 
222372 
2220 3 
221799 
221512 
221226 


Tane. 


ae 
4 


224379 


fess | 5 
a cat Bee ST . 
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SINES AND TANGENTS, (31 DEGREES.) 


ee) | 
QM OO BI GSarbk woe © | 2 


Sine D. Cosine D. | ‘Tang. ‘D. Cotang. 
9°711839 | 3-50 | 9+933066 | 1-26 | 9-778774 | 4:77 |10-221226 
712090 | 3-50 932990 | 1-27 779060 | 4:77 220940 
712260 | 3-50 932914 | 1-27 779346 | 4-76 220654 
| 712469 | 3-49 932838 | 1-27 779632 | 4-76 220368 
, 712679 | 3-49 932762 | 1527: 779918 | 4-76 220082 
712885 | 3-49 932685 | 1-27 | 780203 | 4-76 219797 | 
71309 3-49 932609 | 1-27 78048 4-76 219511 
713308 | 3-49 932533 | 1-27 0775 4:76 219225 
713517 | 3-48 932457 | 1-27 781060 | 4-76 218940 
713726 | 3-48 932380 | 1-27 781346 | 4-75 218654 
i 713935 | 3-48 932304 | 1-27 | 781631 | 4-75 218369 
9°714144 | 3-4 9:932228 | 1°27 | 9-781916 | 4-79 |10-218084 
714352 | 3-47 g32151 | 1-27 782201 | 4-75 217799 
714561 | 3-47 932075 | 1-28 782486 | 4-75 217514 
714769 | 3-47 931998 | 1-28 782771 | 4-75 217229 
714978 | 3-47 931921 | 1-28 783056 | 4-75 216944 
715186 | 3-47 931845 | 1-28 783341 | 4:75 216659 
715394 | 3-46 931768 | 1-28 783626 | 4:74 216374 
715602 | 3-46 931691 | 1-28 783910 | 4:74 216090 
715809 | 3-46 931614 | 1-28 784195 | 4:74 215805 
716017 | 3-46 931537 | 1-28 184479 | 4:74 215521 
9-716224 | 3-45 | 9-931460 | 1-28 | 9-784764 | 4:74 |10-215236 
716432 | 3-45 931383 | 1-28 785048 | 4:74 214952 
716639 | 3-45 931306 | 1-28 785332 | 4-73 214668 
716846 | 3-45 931229 | 1-29 785616 | 4-73 214384 
717093 | 3-45 931152 1-29 785900 | 4-73 214100 
717259 | 3-44 931075 | 1-29 786184 | 4:73 213816 
717466 | 3-44 930998 | 4-29 786468 | 4-73 213532 
717673 3-44 930921 1-29 786752 4:73 213248 
717879 | 3-44 930343 | 1-29 787036 | 4:73 212964 
718085 | 3-43 930766 | 1-29 787319 | 4:72 212681 
9°718291 | 3-43 | 9-930688 | 1-29 | 9-787603 | 4-72 |10-212397 
718497 3-43 930611 1-29 787886 | 4-72 212114 
718703 | 3-43 930533 1-29 788170 | 4:72 211830 
718909 | 3-43 930456 1-29 788453 | 4:72 | 211547 
T9114 3-42 930378 1-29 788736 G72 3 211264 
719320 | 3-42 930300 | 1-30 789019 | 4-72 210981 
719525 | 3-42 930223 | 1-30 789302 | 4-71 210698 
719730 | 3-42 930145 | 1-30 789585 | 4-71 210415 
719935 | 3-41 930067 1-30 789868 | 4-71 210132 
720140 | 3-41 929989 | 1-30 7g015l | 4:71 209849 
9:720345 | 3-41 Books 1-30 | 9-790433 | 4:71 |10-209567 
720549 | 3-41 929833 | 1-30 790716 | 4-71 209284 
720754 | 3-40 929755 | 1-30 790999 | 4:71 209001 
720958 | 3-40 929677 1-30 791281 | 4-71 208719 
721162 | 3-40 929599 | 1-30 791563 | 4-70 208437 
721366 | 3-40 929521 | 1-30 791846 | 4:70 208154 
721570 | 3-40 929442 | 1-30 792128 | 4-70 207872 
| 721774 | 3-39 929364 | 1-31 7192410 | 4-70 207590 
721978 | 3:39 929286 | 1-31 7192692 | 4-70 207308 
| 722181 | 3-39 | 929207 | 1-31 7192974 | 4:70 207026 
1 9°722385 | 3-3 9°929129 | 1-31 | 9793256 | 4-70 |10+206744 
i 192588 #36 pe050 1-31 793538 | 4-69 206462 
722791 | 3-38 928972 | 1-31 793819 | 4-69 206181 
722994 | 3-38 928893 | 1-31 794101 | 4-69 205899 
723197 | 3-38 928815 | 1631 794383 | 4-69 205617 
j 723400 | 3-38 928736 | 1-31 794664 | 4-69 205336 
; 723603 | 3-37 928657 | 1-31 794945 | 4-69 205055 
723805 | 3-37 928578. | 1-31 795227 | 4:69 204773 
724007 | 3+37 928499 | 1-31 795508 | 4-68 204492 
724210 | 3-37 928420 | 1:31 795789 | 4-68 204211 
Cosine | D. Sine D. | Cotang. | D. | Tang. [| M. 


(58 DEGREES.) 


bO (32 DEGREES.) A TABLE OF LOGARITHMIC 


M. Sino D. Cosine Dz. | Tang D. Cotang. 

o | 9°724210 | 3-37 -928420 | 1-32 | 9:795789 | 4-68 |10-204211 

I : ne 3-37 928342 1-32 | 796070 | 4-68 203930 

2 724614 | 3-36 928263 | 1-32 796351 4-68 203649 

3 724816 | 3-36 928183 | 1-32 796632 | 4-68 203368 

4 725017 | 3-36 928104 | 1-32 796913 | 4-68 203087 
5 725219 | 3-36 928025 | 1-32 797194 | 4-68 202806 

é 725420 | 3-35 927946 | 1-32 7197419 | 4-68 202525 
725622 | 3-35 927867 | 1-32] 797795 | 4-68 202245 

i 725823 | 3-35 92778) 1-32 798036 | 4-67 201964 

9 726024 | 3-35 92770 1-32 798316 | 4-67 201684 

10 726225 | 3-39 927429 | 1-32 7198596 | 4-67 201404 

11 | 9°726426 | 3-34 | 9-927549 | 1-32 | 9°798877 | 4-67 |10-201123 

12 7126626 | 3-34 927470 | 1-33 | 799157 | 4-67 200843 

13 726827 | 3-34 927390 | 1-33 799437 | 4:67 200563 

14 727027 3-34 927310 1-33 799717 | 4:67 200283 

15 727228 3-34 927231 1-33 799997 4-66 200003 

16 727428 | 3-33 927151 1-33 800277 | 4-66 199723 

I 727628 | 3-33 927071 | 1-33 800557 | 4-66 199443 

I 727828 | 3-33 926991 | 1-33 800836 | 4-66 199164 

| 19 728027 | 3-33 926911 | 1-33 801116 | 4-66 198884 
20 | 728227 | 3-33 926831 | 1-33 801396 | 4-66 198604 
21 | 9:728427 | 3-32 | 9:926751 1-33 | 9:801675 | 4-66 |10-198325 

22 728626 | 3-32 926671 1-33 801955 | 4:66 198045 

23 728825 | 3-32 926591 | 1-33 802234 | 4-65 197766 

24 729024 | 3-32 926511 | 1-34 802513 | 4-65 197487 

25 729223 | 3°31 926431 | 1-34 802792 | 4:65 197208 

26 729422 | 3-31 926351 | 1-34 803072 | 4-65 196928 

27 729621 | 3-31 926270 | 1-34 803351 | 4-65 196649 

28 72982¢ | 3-31 926190 | 1-34 803630 | 4-65 196370 

29 730018 | 3-30 926110 | 1-34 803908 | 4-65 196092 

30 730216 | 3-30 926029 | 1-34 804187 | 4:65 195813 

31 | 9°730415 | 3-30 | 9-925949 1-34 9804466 |. 4-64 |10+195534 

32 730613 | 3-30 325868 1-4 804745 | 4-64 195255 

33 730811 | 3-30 925788 | 1-34 805023 | 4-64 194977 

34 731009 | 3-29 925707 | 1°34 805302 | 4:64 194698 

35 731206 | 3-29 925626 | 1-34 805580 | 4-64 194420 

36 731404 3-29 925545 | 1-35 805859 | 4-64 IQ4I41 

oF 731602 | 3-29 925465 | 1-35 80613 4:64 193863 

38 731799 | 3-2 925384 | 1-35 80641 4:63 193585 

39 731996 | 3-2 925303 | 1-35 806693 | 4-63 193307 

40 732193 | 3-28 925222 | 1-35 806971 | 4-63 193029 

4I OFT a90 3-28 | 9-925141 1-35 | 9:807249 | 4-63 |10-192751 

42 732587 | 3-28 925060 } 1-35 80752 4-63 192473 

43 732784 | 3-28 924979 | 1-35 80780 4:63 192195 

44 732980 | 3-27 924897 | 1-35 808083 | 4-63 IQIQI7 

45 733177 | 3-27 924816 | 1-35 808361 | 4-63 191639 

46 733373 | 3-27 924735 | 1-36 808638 | 4-62 191362 

4] 78509 3-27 924054 | 1-36 808916 | 4-62 191084 

48 73376 3-27 924572 | 1-36 809193 | 4-62 190807 

49 733961 | 3-26 924491 | 1-36 809471 | 4-62 190529 

50 734157. | 3-26 924409 |. 1-36 809748 | 4-62 190252 

51 | 9+734353 | 3-26 | 9-924328 |! 1-36 | 9-810025 | 4-62 |10-189975 
52, 734549 | 3-26 924246 | 1-36 810302 | 4-62 189698 
: 53 734744 | 3+25 924164 | 1-36 810580 | 4-62 189420 
| 54 154939 3-25 924083 1-36 810857 | 4-62 189143 
aie 73513 3-25 924001 1-36 811134 | 4-61 188866 
56 735330 | 3-25 92391g | 1-36 811410 | 4-61 188590 
5 #30920) )|| «3025 923837 | 1-36 811687 | 4-61 188313 

5 735719 | 3-24 923755 | 1-37 811964.| 4-61 188036 

59 735914 | 3-24 923673 | 1-37 812241 | 4-61 18775 

60 736109 | 3-24 923591 | 1-37 812517 | 4-61 18748 
ee ee ee ey ee sh 

\ Cosine D. Sine. | D, Cotang. egy Tang. 


(57 DEGREES.) 


SINSS AND TANGENTS. 


(33 DEGREES.) 


M.; Sine an, Cosine D. Tang. 1); 
o | 9°7361 3-24 -923591 | 1-37 | 9-81251 4-61 
I 73630 3-24 . 923509 | 1-37 2 Sion 4-61 
2 736498 | 3-24 923427 | 1-37 | 813070 | 4-61 
3 736692 3-23 923349 1-37 813347 | 4-60 
a 736886 | 3-23 923263 | 1-37 813623 | 4-6c 
5 737080 | 3-23 923181 1-37 813899 | 4-60 
6 737274 | 3-23 923098 | 1-37 814179 | 4-6c 
7 737467 | 3-23 923016 | 1-37 814452 | 4-60 
8 737661 | 3-22 922933 | 1-37 814728 | 4-60 
Gf) 9737855 3-22 922851 1-37 815004 4-60 

10 738048 | 3-22 922768 | 1-38 815279 | 4:60 

11 | 9738241 | 3-22 | 9-922686 | 1-38 | 9-815555 | 4-59 

12 738434 3-22 922603 1-38 815831 4-59 

13 738627 | 8-21 922520 | 1-38 816107 | 4-59 

14 738320 | 3-21 922438 | 1-38 816382 | 4-59 

15 739013 | 3-21 922355 | 1-38 816658 | 4-59 

16 739206 | 3-21 922272 | 1:38 816933 | 4-59 

17 739398 | 3-21 922189 | 1-38 817209 | 4-59 

18 739590 3-20 922106 | 1-38 817484 | 4:59 

19 739783 | 3-20 922023 | 1-38 81775 4-5 

20 739975 | 3-20 921940 | 1-38 81803 4:5 

21 | 9-740167 | 3-20 | 9-921857 1-39 | 9-818310 | 4-58 

22 740359 | 3-20 921774 | 1-39 818585 | 4-58 

23 740550 | 3-19 g216g1 | 1-39 818860 | 4-58 

24 740742 | 3-19 921607 | 1°39 819135 | 4-58 

25 740934 | 3-19 921524 | 1-39 819410 | 4-58 

26 741125 | 3-19 921441 | 1+39 819684 | 4-58 

27 741316 | 3-1 921357 | 1-39 819959 | 4-58 

28 741508 | 3+1 921274 | 1-39 820234 | 4-58 

29 741699 | 3-18 921190 | 1-39 820508 | 4-57 

30 741889 | 3-18 921107 | 1-39 820783 | 4-57 

31 | 9-742080 | 3-18 | g-g21023 | 1-39 | 9-821057 | 4-57 

32 742271 | 3-18 920939 | 1-40 821332 | 4-57 

33 742462 | 3-17 920356 | 1-40 821606 | 4-57 

SY 742652 | 3-17 920772 1-40 821880 | 4-57 

35 742842 | 3:17 920688 | 1-40 822154 | 4-57 

36 743033 | 3-17 920604 | 1-40 82242 4:57 

34 743223 | 3-17 920520 | 1+40 a eee 4°57 

38 | . 743413 | 3-16 920436 | 1+40 822977 | 4-56 

39 743602 | 3-16 920352 | 4-40 823250 | 4-56 

40 743792 | 3-16 920268 | 1-40 823524 | 4-56 

4t | 9-743982 | 3-16 |-9-920184 | 4-40 | 9-823798 | 4-56 

42 T4417 3-16 g200 1-40 824072 4:56 

43 744361 3.15 92001 1-40 824345 | 4-56 

44 744550 | 3-15 919931 | 1-41 824619 | 4-56 

45 14473 3-15 919846 | 1-41 824893 | 4-56 

46 74492 3-15 919762 1:41 825166 | 4-56 

47 745117 | 3-15 919677 | 1-41 ee rae 4:55 

43 745306 | 3-14 919593 | 1-41 82571 4:55 

4 745494 | 3+14 919508 | 1-41 825986 | 4-55 

50 745683 | 3-14 919424 | 1-41 826259 | 4-55 

51 9+ 745871 3-14 5 19339 I-41 9826532 4°55 

52 Tee 3-14 q orgab4 1-41 826805 | 4-55 

33 74624 3-12 orate 1-41 827078 | 4-55 

54 746436 | 4-13 91908 1-41 827301 | 4-55 

36) 746624 |< 3-13 gigooo | 1-41 827624 | 4-55 

56 746812 | 3-13 gl 3 1-42 827897 | 4-54 

5 746999 | 3-13 918830 | 1-42 828170 | 4-54 

5 aaaie 3+12 918745 | 1-42 828442 | 4-54 

59 747374 | 3-12 918659 | 1-42 828715 | 4-54 

60 747562 | 3-12 918574 | 1°42 828987 | 4-54 

Cosine D. Sine Ds Cotang. i); 
18 (56 DEGREES.) 


‘ 
_ Cotang. 


10 


10: 


10- 


10: 


- 187482 
187206 
186930 
186653 


186377 


186101 
185825 
185548 
185272 
184996 
184721 


+184445 
18416 
183893 
183618 
183342 
183067 
182791 
182516 
182241 
181965 


181690 
181415 
181140 
180865 
180590 
180316 
180041 
17976 
179492 
179217 
178043 
178668 
178394 
178120 
177846 
177971 
17729] 
177023 
176750 
176476 
176202 
175928 
175055 
175381 
175107 
174834 
174561 
174287 
174014 
173741 
173468 
173195 
172922 
172649 
172376 
172103 
171830 
171558 


171285 


171013 


Tang. 


(34 DEGREES.) A TABLE OF LOGARITHMIC 


M, Sine , 10) Cosine 
0 | 9*747562 | 3-12 | 9918574 
I | 747749 | 3-12 918459 
2 747936 | 3-12 918404 
3 748123 | 3-11 918318 
4 748310 | 3-17 918233 
5 748497 | 3-11 918147 
6 748683 |}. 3-11 g18062 
if 748870 | 3-11 917976 
8 749056 | 3-10 917891 
9 749243 | 3-10 917805 
10 749429 3-10 917719 
It | 9-749615 | 3-10 | 9:917634 
12 749801 | 3-10 917948 
13 | 749987 | 3-09 917462 
14 790172 | 3-09 917376 
15 750358 | 3-09 917290 
16 750543 3+09 917204 
nt 750729 | 3-0 917118 
18 750914 | 3-0 917032 
19 751099 | 3-08 916946 

20 751284 3-08 916859 

QI +75146 3-08 | 9-916773 

22 2 Ley 3.08 ees 

23 75183 3-08 g16600 

24 752028 3-07 g16914 

25 752208 | 3-07 916427 

26 752392 | 3-07 g16341 

) 752576 3-07 916254 

2 752760 | 3:07 916167 

29 752944 3-06 916081 

30 753128 | 3-06 915994 

31 | 9*753312 | 3-06 | 9:915907 

32 753495 | 3-06 915820 

33 753679 | 3-06 915733 

34 753862 | 3-05 915046 

35 754046 | 3-05 915959 

36 754229 | 3-05 915472 

3 754412 | 3-05 915385 

3 754595 | 3-05 915297 

39 754778 | 3-04 915210 

40 754960 | 3-04 915123 

41 | 9-755143 | 3:04 | 9:915035 

42 735326 3:04 914948 
3 795508 | 3-04 914860 

44 755690 | 3-04 914773 

45 755872 | 3-03 914685 

46 | 756094 | 3-03 914598 

4] 756236 | 3:03 gr4510 

48 756418 | 3-03 914422 

49 796600 | 3-03 914334 

5o 756782 | 3-02 914246 

51 | 9-756963 | 3-02 | 9-914158 

04 797144 | 3-02 914070 

53 757326 | 3-02 913982 

54} 757507 | 3-02 913894 

55 757888 | 3-01 913806 

56 757869 | 3-o1 913718 

57 758050 | 3-o1 913630 

58 |. 758230 | 3-o1 913541 

59 758411 | 3-01 913453 

60 758591 | 3-01 913365 

| of Cosine Lae nay Sine 


D. Tang. Dz. Cotang. 
1-42 | 9-828987 | 4-54 |10-171013 
1-42 829260 4-54 170740 
1-42 829532 4-54 170468 
1-42 829805 4-54 170195 
1-42 830077 4:54 169923 
I-42 830349 | 4-53 169651 
1-42 830621 4-53 169379 
1-43 830893 4-53 169107 
1-43 831165 | 4-53 168835 
1-43 831437 4-53 168563 
1-43 831709 4-53 168291 
1-43 | 9-831981 4-53 |10-168019 
1-43 832253 | 4-53 167747 
1-43 832525 4:53 _167479 
1-43 832796 AGS 167204 
1-43 833068 4-52 166932 
1-43 833339 4-52 166661 
1-44 833611 4:52 16638 

Tee 833882 4:52 16611 

ree 834154 4-52 165846 
T-4h 834425 | 4-52 165595 
1°44 | 9:834696 4:52 |10-165304 
1+44 834967 4-52 165033 
re 835238 | 4-52 164762 
1-44 835509 | 4-52 164491 
1°44 835780 4-51 164220 
144 836051 4-51 16394 

1-44 836322 4-51 163078 
1°45 836593 4-51 163407 
1°45 836864 | 4-51 163136 
1°45 837134 | 4-51 162866 
1-45 | 9*837405 | 4-51 |10-162595 
1-45 837675 4-51 162325 
1445 837946 | 4-51 162054 
1-45 838216 4°51 161784 
1-49 838487 4:50 161513 
1°45 838757 | 4-50 161243 
1+45 839027 | 4-50 160973 
1-45 eae 4-50 160703 
1-45 83956 4:50 160432 
1-46 839838 | 4-50 160162 
1-46 | 9:840108 | 4-50 |10-159892 
1-46 840378 | 4-50 159622 
1-46 840647 | 4-50 159353 
1-46 840917 4:49 199083 
1-46 841187 4-49 158813 
1-46 841457 4:49 158543 
1-46 841720-| 4-49 158274 
1-46 841996 | 4+4G 158004 
1-46 842266 4:49 157734 
1-47 842535 | 4-4¢ 157465 
1-47 | 9 842805 | 4-49 |10+157105 
1°47 843074 | 4:49 156926 
1-47 843343 | 4-49 156657 
1:47 843612 | 4-4 156388 
1-47 843882 | 4-48: 156118 
1:47 844151 4-42 155849 
1°47 844420 4:48 155580 
1-4] 844689 | 4-48 155311 
1:47 844958 4°48 155042 
1-4] 845227 } 4-48 154773 
D. Cotang. D. Tang. 


(55 pEGREEs.) 


Om DW WY moO DO 


B 


© or aRen no | 


SINES AND TANGENTS. 


(85 DEGREES.) 


(54 DEGREES.) 


Sine D. Cosine DD. Tang. D. Cotang. 
| 9:7585gt | 3-o1 | g-913365 | 1-47 | 9:845227 | 4-48 .'10-154773 | 60 

758772 3-00 | 913276 1+47 845496 4-48 154504 | 5 
758952 | 3-00 g13187 | 1-48 845764 | 4-48 154236 | 5 
759132 | 3-00 913099 | 1-48 846033 | 4 48 153967 | 57 
759312 | 3-00 gt3010 | 1-48 846302 | 4-48 153698 | 56 
759492 3-00 912922 1-48 846570 | 4-47 153480 || 55 
7159672 2-95 912833 1-48 846839 | 4-47 153161 | 54 
799852 | 2-99 912744 | 1-48 847107 | 4-47 152893 | 53 
760031 2°99 912655 | 1-48 847376 | 4:47 152624 | 52 
760211 | 299 912566 | “1-48 | 847644 | 4-47 152356 | 51 
7603g0 | 299 912477 | 1-48 847913 | 4-47 152087 | 5o 

9:760569 | 2-98 | 9-912388 | 1-48 | 9-848181 | 4:47 |10-151819 | 4 
760748 | 2-98 912299 | 1-49 848449 | 4-47 151551 | 4 
7160927 2-98 g12210 1-49 848717 4-4] 151283 | 47 
761106 2-98 gi2121 1-49 848986 4:4] 151014 | 46 
761285 2-98 g12031 1-49 849254 | 4-47 150746 | 45 
701464 2-98 giig42 1-49 849522 4-4] 150478 | 44 
761642 2-97 911853 1-49 849790 | 4:40 150210 | 43 
761821 | 2-97 911763 | 1-49 850058 | 4-46 149942 | 42 
761999 | 2-97 gr1074 | 1-49 850325 | 4-46 149675 | 41 
“62177 | (2°99 g11584 | 1-49 850593 | 4-46 149407 | 49 
-762356 | 2-97 | 9-911495 | 1-49 | 9850861 | 4-46 |10-149139 | 3 

762534 ert g11405 ef 851129 | 4-46 148871 3 
762712 2-96 gt1315 1-50 851396 4-46 148604 | 3” 
762889 | 2-96 gt1226 | 1-50 851664 | 4-46 148336 | 36 
763067 | 2-96 gi1136 | 1-50 851931 | 4-46 148069 | 35 
763245 | 2-96 g11046 | 1-50 852199 | 4-46 147801 | 34 
763422 2-96 910996 1:50 852466 4:46 147534 | 33 
763600 | 2-95 g10866 | 1-50 852733 | 4-45 147267 | 32 
763777 2-95 910776 1-50 853001 4-45 “eee 31 
763994 | 2-95 g10686 | 1-50 853268 | 4-45 146732 | 30 

9°764131t | 2-95 | 9+910596 | 1-50 | 9-853535 | 4-45 |10+146465 | 2 
764308 | 2-95 g10506 | 1-50 853802 | 4-49 146198 | 2 
764485 | 2-94 910415 | 1-50 854069 | 4:45 145931 | 27 
7164662 2-94 910325 | 1-51 854336 | 4-45 145664 | 26 
764838 | 2-94 g10235 | 1-51 854603 | 4-49 145397 | 25 
765015 | 2-94 giol44 | 1-51 854870 | 4-49 145130 | 24 
765191 | 2-94 910054 } 1-51 855137 | 4-45 144863 | 23 
765367 | 2-94 909963 | 1-51 855404 | 4-45 144596 | 22 | 
765544 | 2-93 909 2 1-51 855671 | 4°44 144329 | 21 
765720 | 2-93 go0g782 | 1-51 855938 | 4-44 144062 | 20 
-765896 | 2-93 -gog691 | 1-51 | 9856204 | 4-44 |10-143796 | 1 

Z i agord We 3 Fecbor 1-51 856471 | 4:44 oan I 
766247 | 2-93 gog51o | 1-51 856737 | 4:44 143263 | 17 
766423 | 2-93 gog4l 1-51 857004 | 4-44 ve 16 
766598 | 2-92 90932 1-52 857270 | 4-44 142730 | 15 
766774 | 2-92 909237 | 1-52 857537 | 4-44 142463 | 14 
766949 | 2-92 909146 | 1-52 857803 | 4-44 ce 13 
767124 | 2-92 g0g055 | 1-52 858069 | 4:44 I41g3t | 12 
767300 | 2-92 908964 | 1-52 858336 | 4-44 141664 | 11 
767475 | ‘2-91 908873 | 1-52 858602 | 4-43 141398 | 10 

6764 2-91 «908781 | 1-52 | 9-858868 | 4-43 |10-141132 

: 767824 sei 2 go86g0 | 1-52 859134 | 4-43 140866 8 
767999 | 2:91 908599 | 1-52 859400 | 4-43 140600 | 7 |} 
76817 2-91 908507 | 1-52 859666 | 4-43 140334 | 6 
768348 | 2-90 go8416 | 1-53 859932 | 4-43 140068 | 5 
768522 | 2-90 908324 | 1-53 860198 | 4-43 139802 | 4 
768697 | 2-90 908233 | 1-53 860464 | 4-43 139536 | 3 
768871 | 2-90 go8141 | 1-53 860730 | 4-43 139270,| 2 
769045 | 2+90 908049 | 1-53 860995 | 4-43 a I 
769219 | 2-90 907958 | 1-53 861261 | 4-43 138739 | 0 
Cosine D. Sine D. Cotang, D. Tang. 1M | 


(36 DEGREES.) A TABLE OF LOGARITHMiC 


(53 DEGREES.) 


M. Sine D, Cosine D. Tang. D. Cotang. 4 
© | 9-76921 2-90 -g07958 | 1-53 | 9-861261 | 4-43 |10:13873g | 60 | 
1 . Toe 85 y va 66 | 1-53 861527 | 4-43 1384973} 5g 
2 769566 | 2:89 907774 1-53 861792 | 4+42 138208 | 5 
3 769740 | 2-89 g07682 | 1-53 862058 | 4-42 137942 | 57 
4 769913 | 2-89 g075g0 | 1-53 862323 | 4-42 137677 | 56 
5 770087 | 2-89 907498 | 1-53 862589 | 4-42 137411 | 55 
6 770260 | 2-88 907406 | 1-53 862854 | 4-42 137146 | 54 

770433 | 2-88 go7314 | 1-54 863119 | 4:42 136881 | 53 
i 770606 | 2-88 907222 1-54 863385 | 4-42 136615 | 52 
9 779779 | 2-88 907129 | 1-54 863650 | 4-42 136350 | 51 

10 770952 | 2-88 907037 +} 1-54 863915 | 4-42 136085 | 50 | 

11 | 9-771125 | 2-88 es 1-54 | 9-864180 | 4-42 |10-135820°| 49 | 

12 771298 | 2-87 906852 1-54 864445 | 4-42 135555 | 48 | 

13 771470 | 2-87 906760 | 1-54 864710 | 4-42 135290 | 47 

14 771643 | 2-87 906667 | 1-54 864975 | 4-41 135025 | 46 

15 771815 | 2-87 906575 | 1-54 865240 | 4-41 134760 | 45 

16 771987 2-87 906482 1°54 865505 4-41 134495 | 44 

1 772159 | 2-87 906389 | 1-55 865770 | 4-41 134230 | 43 

I 772331 | 2-86 906296 | 1-55 866035 | 4-41 133965 | 42 

19 772503 | 2-86 906204 | 1-55 866300 | 4-41 133700 | 41 

20 772675 2-86 Qo611I 1-55 866564 4:41 133436 | 4o 

21 | 9-77284 2-86 | 9-906018 | 1-55 | 9-866829 | 4-41 }10-1331791 | 39 

22 ao3018 2-86 905925 | 1-55 867094 | 4-41 132906 | 38 

23 773190 | 2-86 905832 | 1-55 867358 | 4-41 132642 | 37 

24 773361 | 2-85 90573 1-55 867623 | 4-41 132377 | 36 

25 773533 2-85 905645 1-55 867887 4:41 132113 | 35 

26 773704 | 2-85 905552 | 1-55 868152 | 4-40 131848 | 34 

2 773875 | 2-85 905459 | 1-55 868416 | 4-40 131584 | 33 

2 7174046 | 2-85 905366 | 1-56 868680 | 4-40 131320 | 32 

29 7174217 2-85 905272 1-56 868945 | 4-40 131055 | 31 

30 774388 | 2-84 905179 | 1-56 869209 | 4-40 130794 | 30 

31 | 9:774558 | 2-84 | 9:905085 | 1-56 | 9-869473 | 4-40 |10+130527 | 2 

32 7174729 | 2-84 904992 1-56 869737 | 4:40 130263 | 2 

33 774899 | 2-84 904898 | 1-56 870001 | 4-40 129999 | 27 

34 7759070 | 2-84 904804 | 1-56 870265 | 4-40 129739 | 26 

35 775240 | 2-84 904711 1-56 870529 | 4-40 129471 | 25 

36 775410 | 2+83 904617 1-56 rer? 4-40 129207 | 24 

3 775580 | 2-83 904523 | 1-56 871057 | 4-40 128943 | 23 

3 775750 | 2-83 904429 | 1-57 871321 | 4-40 128679 | 22 

39 775920 | 2-83 904335 | 1-57 871585 | 4-40 128415 21 

40 776090 | 2-83 904241 | 1-57 871849 | ° 4-39 128151 | 20 

Al | 9+776259 | 2-83 | 9-904147 | 1-57 | 9-872112 | 4-39 |10-127888 | 7 

42 eee 2-82 904053 1-57 872376 | 4-39 127624 | 1 

43 717659 2-82 20399 1-57 872640 | 4-39 127360 | 17 

44 776768 | 2-82 903864 1-57 872903 | 4-39 327097 | 16 

45 776937 | 2-82 903770 | 1°57 873167 | 4:39 126833 | 15 

46 777106 | 2-82 903676 | 1-59 873430 | 4-39 126570 | 14 

47 777275 | 2-81 903581 1-57 873694 | 4:39 126306 | 13 

j 48 7117444 | 2-81 903487 1-57 873957 | 4-39 126043 | 12 

49 777613 2-81 903392 1-58 874220 | 4-39 125780 | 11 

$0 | 777781 | 2-81 go32g8 | 1-58 | 874484 | 4-39 125516 | 10 

51 | 9:777950 | 2-81 | 9903203 1-58 | 987474 433 19°125253' | 9 

52 778119 | 2°81 903108 1-58 BidoI0 4.39 124990 8 

Ry) heey 2-80 go3014 | 1-58 875273 | 4-38 124727 | 7 

54 77845 2-80 go2919 | 1-58 875536 | 4-38 124464 | 6 

55 778624 | 2-80 902824 | 1-58 875800 | 4-38 124200 | § 

56 778792 | 2-80 902729 | 1-58 876063 | 4-38 123937 | 4 

5 778960 | 2-80 902634 | 1-58 876326 | 4-38 123674 | % 

5 779128 | 2-80 902539 ' 1-59 876589 | 4-38 W29417 | 2 

59 779295 | 2-79 902444 1-59 876851 | 4-38 123149 | 1 

60 1719463 | 2:79 902349 | 1-59 877114 | 4-38 122886 | o 

| eet 
Cosine D. Sine D. Cotang. iy, Tang. | 


OO MI KDAR We moO | 
| 


789342 


Cosine 


Sine 


9°779463 


779631 


779798 
779906 
780133 


780300 
780467 
780634 
780801 
780968 
781134 


781301 
: 431468 
781634 
781800 
781966 
782132 
782298 
782464 
782630 
782796 
9-782961 
783127 
783292 
783458 
783623 
783788 
783953 
784118 
784282 
784447 
9-784612 
784776 
784941 
785105 
785269 
785433 
789597 
785761 
785925 
786089 
+ 786252 
“ 786416 
786579 
786742 
786906 
7187069 
787232 
787395 
784587 
787720 
+ 787883 
4 Fab045 
788208 
788370 
788532 
788694 
788856 
789018 
789180 


SINES AND TANGENTS. (37 DEGREES.) 55 
Cosine Tang. D. Cotang. 
9+90234 1-59 | 9-877114 | 4:38 |10-122886 | 60 | 
go225 1-59 877377 | 4:38 122623 | 5 
go2158 | 1-59 877640 | 4-38 122360 | 58 | 
go2063 | 1-5¢ 877903 | 4:38 122097 | 57 
g01967 | 1-59 878165 | 4-38 121835 | 56 
901872 | 1-59 878428 | 4-38 121572 | 55 
go1776 | 1-59 878691 | 4-38 121309 | 54 
go1o8r | 1-59 878983 4:37 121047 | 53 
go1d85 | 1-59 879216 | 4:37 120784 | 52 
go14g0 | 1-59 879478 | 4-37 120022 | 51 
go1394 | 1-60 879741 | 4-37 120259 | 50 
9:901298 | 1-60 | g-880003 | 4:37 |10-119997 | 4 
g01202 1-60 880265 ree 119735 me 
go1106 | 1-60 880528 | 4:37 119472 | 47 
go1or1o | 1-60 880790 | 4:37 119210 | 46 
go0g14 | 1-60 881052 | 4:37 118948 . 45 
c00818 | 1-60 881314 | 4:37 118686 | 44 
900722 1-60 881576 | 4:37 118424 | 43 
g00626 | 1-60 881839 | 4:37 118161 | 42. 
go0529 | 1-60 882101 | 4:37 117899 | 4I 
900433 | 1-61 832363 | 4-36 117637 | 40 
9-900337 | 1-61 | 9-882625 | 4:36 |10-117375 | 3 
900240 1-61 882887 | 4-36 W713 | 3 
goo144 1:61 883148 | 4-36 116852 | 37 
00047 1-61 883410 4:36 116590 | 36 
gg3t 1-61 883672 | 4-36 116328 | 35 
899854 1-61 883934 | 4-36 116066 | 34 
899757 1-61 884196 | 4:36 115804 | 33 
899660 | 1-61 884459 4:36 115543 | 32 
899564 | 1-61 884719 | 4-36 115281 | 31 
899467 | 1-62 884980 | 4:36 115020 | 30 
9899370 | 1-62 | 9-885242 | 4:36 |10-114758 | 2 
899273 | 1-62 885503 | 4-36 114497 | 2 
899176 | 1-62 885765 | 4-36 114239 27 
899078 | 1-62 886026 | 4-36 113974 | 26 
208981 1-62 886288 | 4:36 113712 | 25 
898884 | 1-62 886549 | 4-35 113451 | 24 
898787 | 1-62 886810 | 4-35 113190 | 23 
898689 | 1-62 887072 | 4-35 112928 | 22 
898592 | 1-62 887333 | 4:35 112667 | 21 
898494 | 1-63 887594 | 4:35 112406 | 20 
9°898397 | 1-63 | g-687855 | 4-35 |10-112145 | 1 
898299 1-63 888116 | 4-35 111884 | 1 
898202 | 1-63 838377 | 4-35 111623 | 17 
898104 | 1-63 888639 | 4:35 111361 | 16 
898006 | 1-63 888900 | 4-35 111100 | 15 
897908 | 1-63 889160 | 4-35 110840 | 14 
897810 | 1-63 889421 | 4-338 110579 | 13 
897712 | 1-63 889682 | 4+35 11031 12 
897614 | 1-63 889943 | 4-35 110057 | 11 
897516 | 1-63 890204 | 4:34 109796 | 10 
-897418 | 1-64 | 9-890465 | 4-34 |19+109535 j 
‘ Songz 1-64 7 Bee 4:34 109275 g 
897222 | 1-64 890986 | 4-34 Lae 7 
897123 1-64 891247 4°34 108753 6 
897025 | 1-64 891507 | 4:34 108493 | 5 
896926 | 1-64 891768 | 4:34 108232 | 4 
896828 | 1-64 892028 | 4-34 107972 | 3 
896729 | 1-64 892289 | 4:34 1o77II | 2 
896631 | 1-64 892549 | 4:34 107451 | 1 
896532 | 1°64 892810 | 4:34 107190 | oO 
Sine D. Cotang. | D. | Tang. | M. 


(52 DEGREES.) 


_ 


_—. oes a ee 


56 (38 DEGREES.) A TABLE OF LOGAR.'THMIC 
ene 
AM. | Sine D. Cosine D. Tang. LL Cotang. | 
0 | 9+789342 | 2-69 | g-896532 | 1-64 | g-892810 | 4-34 |10-107190 | 60 
! , TB; 2:69 | 806433 1-65 893070 | 4-34 106930 2 
2| 789665 | 2-69 | 896335 | 1-65] 893331 | 4-34 | 106669 | 5 
3 789827 | 2-69 896236 | 1-65 893591 | 4-34 106409 | 57 
4 789988 | 2-69 896137 | 1°65 893851 | 4-34 106149 | 56 
Tg014y | 2-6 896038 | 1-65 894111 | 4-34 105889 55 
6 790310 | 2-6 895939 | 1-65 894371 | 4-34 eee | 54 
| 790471 2-68 895840 1-65 894632 | 4-33 10536? | 53 
790632 | 2-68 895741 | 1-65 894892 | 4-33 105105 | 52 
9 790793 | 2-68 895641 1-65 895152 | 4-33 104848 | 51 
1c Le 2-68 895542 | 1-65 895412 | 4-33 104588 | 5o 
It | g-7g1115 | 2-68 895443 | 1-66 | 9-895672 | 4-33 |10-104328 | 4 
12 4 Lea 2-67 895343 | 1-66 ‘ 895932 | 4-33 104068 | 4 
13 991436 | 2-67 895244 | 1-66 896192 | 4:33 103808 | 47 
14 7191596 | 2-67 895145 | 1-66 896452 | 4-33 103548 | 46 
15 791797 | 2:67 895045 | 1-66 896712 | 4-33 103288 | 45 
16 191917 | 2:67 894945 | 1-66 896971 | 4-33 103029 | 44 
17 792077 | 2-67 894846 | 1-66 897231 | 4-33 102769 | 43 
18 7192237 | 2-66 894746 | 1-66 897491 | 4-33 102509 | 42 
19 7192397 | 2-66 894646 | 1-66 897751 | 4-33 102249 | 41 
20 792557 | 2-66 894546 | 1-66 898010 | 4-33 101990 | 40 
21 *792716 | 2-66 *894446 | 1-67 -898270 | 4-33 |10-101730 | 39 
22 ’ saat 2-66 : 894346 1-67 4 898530 | 4-33 101470 | 38 
23 793035 | 2-66 894246 | 1-67 898789 | 4-33 10121 | 37 
24 793195 | 2-65 894146 | 1-67 89904 4-32 100951 | 36 
25 493354 2-65 894046 | 1-67 89930 4:32 100692 | 35 
26 793514 | 2-65 coy 1-67 899568 | 4-32 100432 | 34 
2 793673 | 2-65 893846 | 1-67 899827 | 4:32 100173 | 33 
2 793832 | 2-65 893745 | 1-67 go00086 | 4-32 099914 | 32 
29 793991 | 2-65 893045 | 1-67 900346 | 4-32 099654 | 31 
30 Rottbo 2-64 893544 | 1-67 900605 | 4-32 099395 | 30 
31 | 9794308 2-64 | 9-893444 1-68 | g-900864 | 4-32 |10-099136 | 29 
32 19446 2-64 893343 1-68 go1124 | 4+32 098876 | 28 
33 79462 2-64 893243 } 1-68 901383 | 4-32 098617 | 27 
34 794784 2°64 893142 1-68 901642 4-32 098358 | 26 
35 7194942 | 2-64 893041 | 1-68 gorgor | 4-32 098099 | 25 
36 795551 | 2-64 892940 | 1-68 go2160 | 4-32 097840 | 24 
3 795259 | 2-63 * 892839 | 1-68 902419 | 4:32 097581 | 23 
3 795417 | 2-63 89273 1-68 9c2679 | 4:32 097321 | 22 
39 795575 | 2-63 892638 1-68 902938 | 4-32 097062 | 24 
40 795733 | 2-63 892536 | 1-68 903197 | 4:31 096803 | 20 
41 | 9+799891t | 2-63 | g-892435 | 1-69 | 9+903455 | 4-3t |10-096545 | 1 
42 7196049 2-63 892334 1-69 903714 4:31 096286 | 1 
43 796206 | 2-63 892233 | 1-69 903973 | 4-31 096027 | 17 
44 796364 | 2:62 892132 | 1-69 904232 | 4-31 095768 | 16 
45 796521 2-62 892030 | 1-69 904491 | 4:31 095509 } 15 
46 79€679 | 2-62 891929 | 1-69 904750 { 4-31 095250 | 14 
4 796836 | 2:62 891827 | 1-69 905008 |} 4-31 094992 | 13 
4 796993 2-62 891726 1-69 905267 | 4-31 094733 | 12 
49 TW9719¢e | 2-61 891624 | 1-69 905526 | 4-31 094474 | 11 
5o 797307 | 2-61 891523 | 1+70 905784 | 4:31 | 094216 | 10 
1 $1 | 9:797464 | 2-61 -891421 | 1-70 | 9-906043 | 4-31 j10-09395 
| 59 797621 2-61 % Boi3t9 I-70 06802 4-31 og3eg8 2 
53 791777 | 2:61 891217 1+70 906560 | 4-31 093440 | 7 
94 799934 2-61 891115 | 1-70 906819 | 4-31 093181 | 6 
36 798091 | 2-61 891013 | 1+70 907077 | 4-31 092923 | 5 
5€ | 798247 | 2-61 890911 | 1-70 907336 | 4-31 092664 | 4 
4 798403 | 2-60 890809 | 1-70 907394 4:31 092406 | 3 
5 | 798560 | 2-60 890707 | 1:70 907852. | 4-31 092148 | 2 
4g 798716 | 2-60 890605 | 1-70 go8111 | 4-30 091889 | 1 
Go | 798872 | 2-60 890503 | 1-70 908369 | 4-30 091631 | o 
ca Cosine_| _D. Sine D. {| Cotang. | D. Teng. | M. 


(51 DEGREES.) 


SINES AND TANGENTS. 


(39 DEGREES., 


M. | Sine D. ; Cosine D. Tang D. Cotang. 
o | 9+798872 2-60 g+ 890503 I-70 | 9-908369 4:30 {10-091631 | 60 
I 799028 | 2-60 890400 | 1-7: 908628 | 4-30 091372 2 
2 799184 | 2-60 89027§ | 1-71 g08886 | 4:30 Ogl114 | 5 
3 7199339 | 2-59 890199 | 1-7 gog144 | 4-30 090856 | 57 
4 799499 | 2-59 see I-71 go9402 | 4:30 090598 | 56 
5 799691 | 2-59 889990 | 1-71 go9660 | 4:30 ogo34o0 | 55 
0 799826 | 2-59 889888 | 1-71 909918 | 4-3c 290082 | 54 
4 799962 | 2-59 889785 | 1-71 gio177 | 4:30 089823 |! 53 
800117 | 2-59 889682 | 1-71 910435 | 4:30 089565 | 52 
9 | 800272 | 2-58 889579 | i-7L 910693 | 4:30 089307 | 51 
lo 830427 | 2-58 889477 | 1:71 gtogd1 | 4:30 089049 ; So 
Il | 9- 800582 2-58 | 9-889374 | 1-72 | 9:911209 | 4:30 |10-088791 | 4 
pe 800737 | 2-58 889271 | 1-72 911467 | 4-30 088533 | 4) 
13 800892 | 2-58 889168 | 1-72 gt1724 | 4:30 088276 | 47 
14 801047 | 2-58 839064 | 1-72 911982 | 4:30 088018 | 46 
15 801201 2-58 888961 1-72 912240 | 4:30 087760 | 45 
16 801356 ; 2-57 888858 | 1-72 912498 | 4-30 087502 | 44 
17 Sord1L 2-57 888755 1-72 912756 | 4-30 087244 | 43 
18 801665 | 2.57 888651 | 1-72 gi3014 | 4:29 086986 | 42 
Ig 801819 | 2-57 888548 | 1-72 913271 | 4:29 086729 | 41 
20 801973 | 2-57 888444 | 1°73 913529 | 4:29 086471 | 40 
21 | g-802128 | 9.5 -888341 | 1-73 | 9:91378 4:29 |10-086213 | 39 
22 a 802282 Zh 2 888237 | 1-73 4 oe tan 085956 | 38 
23 802436 | 2-56 888134 | 1-73 914302 | 4:29 085698 | 37 
24 802589 | 2-56 888030 | 1-73 914560 | 4:29 085440 | 36 
25 802743 | 2-56 887926 | 1-73 914817 | 4:29 085183 | 35 
26 802897 | 2-56 887822 | 1-73 915075 | 4:29 084925 | 34 
27 803050 | 2-56 887718 | 1°73 915332 | 4:29 084668 | 33 
28 803294 | 9-56 887614 | 1-73 915590 | 4:29 084410 | 32 
29 803357 | 2-55 887510 | 1-73 915847 | 4:29 084153 | 31 
3o 803511 | 2-55 887406 | 1-74 g16104 | 4:29 083896 | 30 
31 | g-803664 | 2-55 | 9-887302 | 1-74 | 9-916362 | 4-29 |10-083638 | 2 
32 803817 | 2-55 887198 | 1°74 916619 | 4:29 083381 | 2 
33 803970 | 2-55 alee 1-74 916877 | 4:29 sO) || 2) 
34 804123 |. 2-55 886989 | 1-74] 917134 | 4-29 082866 | 26 
35 804276 | 2-54 886885 | 1-74 917391 | 4+29 082609 | 25 
36 804428 | 2-54 886780 | 1-74 917648 | 4-29 082352 | 24 
3 804581 | 2-54 886576 | 1-74 917905 | 4-2 082095 | 23 
36 804734 | 2-54 886571 1°74 918163 | 4-28 081837 | 22 
39 804886 | 2-54 886406 | 1-74 918%20 | 4-28 081580 | 21 
4o 805039 2-54 886362 1-79 918677 4-28 081323 | 20 
41 | 9-805191 2-54 | 9-886257 1-75 | 9:918934 | 4:28 |10-081066 | 1 
42 805343 | 2-53 886152 | 1-75 gigigt | 4-28 080809 | 1 
43 805495 | 2.58 886047 | 1-75 919448 | 4-28 080552 | 17 
44 805047 | 2-53 885942 | 1-75 919705 | 4-28 080295 | 16 
49 805799 | 2-53 885837 | 1-795 919962 | 4-28 080038 | 15 
46 805991 | 2-53 885732 | 1-79 920219 | 4-28 079781 | 14 
47 806103 | 2.53 §85627 1-79 920476 | 4-28 079924 \ 13 
48 806294 | 2-53 885522 | 1-75 920733 | 4-28 079267 | 12 
49 806406 | 2-52 885416 | 1-75 920990 | 4-28 079010 | IL 
5e 806557 | 2-52 885311 | 1-76 921247 | 4:28 078753 | 10 
51 | 9 806709 | 2-52 | 9-885205 | 1-76 | 9+921503 | 4-28 |10-078497 g 
52 806860 | 2-52 885100 | 1-76 921760 | 4-28 075240 
53 Bo7o1l | 2-52 54994 1-76 922017 | 4:28 077983 | 7 
54 807163 | 2-52 884889 | -1-76 922274 | 4:28 077726 | 6 
55 807314 | 2-52 884783 | 1-76 922530 | 4:28 077479 | 9 
56 807465 | 2-51 884677 | 1-76 922787 | 4-28 077213 | 4 
5 807615 2-51 884572 1-76 923044 | 4:28 076956 | 3 3 
5 807766 | 2-51 884466 | 1-76 923300 | 4-28 076700 | 2 | 
59 807917 | 2-51 884360 | 1-76 923557 | 4:27 076443 | 1 
60 808067 | 2-51 884254 | 1°77 923813 | 4-27 076187 | @ 
a | ee ee ey i oe 
i Cosine D. Sine D.__: Sotang. D. ‘Tang. | M. 
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(40 DEGREES.) A TABLE OF LOGARITHMIC 


Sine 


9808067 


808218 
805368 
808519 
808669 
808819 
808969 
809119 
809269 
809419 
809569 


g+809718 


809868 
810017 
810167 
810316 
810465 
810614 
810763 
810912 
811061 


9: 811210 


811358 
811507 
811655 
811804 
811952 
812100 
812248 
812396 
812544 


9+812692 


812840 
812988 
813135 
813283 
813430 
813578 
813725 
813872 
814019 


9:814166 


814313 
814460 
814607 
814753 
814900 
815046 
815193 
815339 
815485 


9:815631 


815778 
815924 
816069 
816219 
816361 
816507 
816652 
816798 
816943 


Cesine 
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(49 DEGREES.) 


Cosine Tung. D. Cotang. 
9°884254 | 1°77 | 9:923813 | 4-27 |10-076187 | 60 
884148 | 1-77 924070 | 4-27 075930 | 5 
884042 1-77 924327 | 4:27 075673 | 5 
883936 1-77 924583 | 4:27 075417 | 5 
88382¢ 1-7 924840 | 4:27 075160 | 5 

| 883723 | 1-77 | 925096 | 4-27 | 074904 | 55 
883617 1-77 925352 | 4:27 0746048 | 54 
883510 | 1-77 925609 | 4:27 074391 | 53 
883404 1-77 925865 | 4°27 | 074135 i 52 
883297 | 1-78 926122 | 4:27 073878 | 51 
883191 1-78 926378 | 4-27 073622 | So 

9883084 | 1-78 | 9:926634 | 4-27 |10-073366 | 49 | 
882977 | 1-78 926890 | 4:27 073110 | 48 ! 
882371 1-78 927147 | 4:27 072853 | 47 
882764 | 1-78 927403 | 4:27 072597 | 46 
882657 1-7 92765 4:27 072341 | 45 
882550 1-78 92791 4:27 072085 | 44 
882443 | 1-78 928171 | 4:27 071829 | 43 
882336 1-79 928427 | 4-27 071573 | 42 
882229 1-79 928683 | 4-27 071317 | 41 
882121 1-79 928940 | 4:27 71060 | 40 
9:882014 | 1-79 | 9:929196 | 4-27 |10-070804 | 3 
881907 | 1-79 929492 | 4:27 070548 | 3 
881799 | 1-79 929708 | 4-27 er? 37 
881692 | 1-79 929964 | 4:26 070036 | 36 
881584 1-79 930220 | 4:26 069780 | 35 
881477 | 1°79 930475 | 4-26 069925 | 34 
881369 1-79 g30731 4-26 0692 33 
881261 1-80 930987 | 4:26 06901 32 
881153 1-80 931243 4:26 068 D7 | cou 
881046 | 1-80 931499 | 4:26 068501 | 30 
9:880938 | 1-80 | 9:931755 | 4-26 |10+068245 | 2 
880830 | 1-80 932010 | 4-26 067990 | 2 
880722 1:80 932266 | 4-26 067734 | 27 
880613 1-80 932522 | 4-26 067478 | 26 
880505 | 1-80 932778 | 4-26 067222 | 25 
880397 | 1-80 933033 | 4-26 066967 | 24 
880289 | 1-81 933289 | 4-26 066711 | 23 
880180 | 1-81 933549 | 4-26 066455 | 22 
880072 1-81 933800 | 4-26 066200 | 21 
879963 | 1-81 934056 | 4-26 065944 | 20 
9:879855 | 1-81 | 9:934311 | 4-26 |10-065689 | 1 
879746 1-81 934567 4-26 065433 | 1 
879637 | 1-81 934823 | 4-26 065177 | 17 
879529 | 1-81 935078 | 4-26 064922 | 16 
879420 | 1-81 935333 | 4-26 064667 | 15 
879311 1-81 935589 | 4-26 o64411 | 14 
879202 | 1-82 935844 | 4-26 064156 | 13 
Sige 1-82 936100 | 4-26 063900 | 12 | 
87 2 yA 1-82 936355 4:26 063645 1 
878875 | 1-82 936610 | 4-26 063390 | io 
9:878766 | 1-82 | 9-936866 | 4-25 !10:063134 
878656 | 1-82 937121 | 4-25 062879 8 
pues 1-82 937376 | 4-25 062624 | 7 
87843 1-82 937632 | 4-25 062368 | 6 
878328 | 1-82 937887 | 4-25 062113 | 5 
878219 | 1-83 938142 | 4-25 061858 | 4 
878109 | 1-83 ee ae 4:25 | 061602 | 3 
877999 | 1-83 938693 | 4-25 061347 | 2 
877 3° 1-83 938908 | 4-25 061 ut 
877780 | 1-83 939163 | 4-25 060837 | 0 
Sine D. Cotang. | PD, | Tang, | M. | 


SINES AND TANGENTS. (41 DEGREES.) 59 


Sine D. Cosine D. Tang. D. Cotang. 
9°816943 | 2-42 -877780 | 1-83 -939153 | 4:25 |10-060837 | 60 
817083 | 2-42 : 877670 | 1-83 ? oars 4-25 eeene: 5 
817233 | 2-42 877560 | 1-83 939673 | 4:25 060327 38 
817379 | 2-42 8, 7450 | 1-83 939928 | 4-25 060072 | 57 
817924 | 2-41 8, 7340 1-83 940183 | 4-25 059817 | 36 
817668 | 2-41 8,7230 | 1-84 940438 | 4-25 059562 | 55 
817813 | 2-41 877120 | 1-84 940694 { 4°29 059306 | 54 
817958 | z-41 877010 | 1-84 940949 | 4:25 059051 | 53 
8181e5 | 2-41 8768a9 , 1-84 g41204 | 4-25 058798 | 52 
613247 2-41 876789 1-84 941458 | 4-25 058542 | 51 
| 818392 | 2-41 876678 | 1-84 941714 | 4-25 058286 | 50 
, 97818536 | 2-40 | 9-876568 | 1-84 | 9-941968 | 4-25  |10-058032 | 49 
818681 | 2-40 876457 | 1-84 942223 | 4 25 057777 | 48 
818825 | 9.40 876347 | 1-84 942478 | 4-25 057922 | 47 
Peet 2-40 876236 | 1-85 942733 | 4-25 057267 | 46 
8IgI1 2-40 876125 | 1-85 942988 | 4-25 057012 | 45 
819257 | 2-40 876014 | 1-85 943243 | 4:25 056757 | 44 
819401 | 2-40 875904 | 1-85 943498 | 4:25 056502 | 43 
819945 2-39 875793 1-85 943752 4-25 056248 | 42 
819689 2-39 875682 1-85 944007 | 4:25 055993 | 41 
819832 | 2-39 875571 1-85 944262 | 4-25 055738 4o 
9:819976 | 2-39 | 9:875459 | 1-85 | 9-944517 | 4:25 |10-055483 | 3 
820120 | 2-39 875348 | 1-85 944771 | 4:24 055229 | 3 
820263 | 2-39 875237 | 1-85 945026 | 4-24 054974 | 37 
820406 | 2-39 875126 | 1-86 945281 | 4-24 yb 36 
820550 2-38 875014 1-86 949535 | 4-24 054469 | 35 
820693 2-38 874903 1-86 945790 424 054210 | 34 
820836 | 2.38 874791 | 1-86 940045 | 4:24 053955 | 33 
820979 | 2-33 874680 | 1-86 946299 | 4:24 053701 | 32 
821122 | 9-38 874568 | 1-86 946554 | 4-24 053446 | 31 
821265 | 2.38 874456 | 1-86 946808 | 4-24 053192 | 30 
g+821407 2-38 | 9-874344 | 1-86 | 9-947063 | 4-24 |10-052937 | 2 
821550 ! 9.38 874232 | 1-87 947318 | 4:24 052682 | 2 
821693 | 2.37 874121 1-87 947572 | 4:24 052428 | 27 
821835 | 2.37 | - 874009 | 1-87 947826 | 4-24 052174 | 26 
821977 | 2-37 873896 | 1-87 948081 | 4:24 51919 | 25 
822120 | 9.37 873784 | 1-87 948336 | 4:24 051664 | 24 
822262 | 9.37 873672 1-87 948590 | 4:24 051410 | 23 
822404 2:37 873560 1-87 948844 | 4-24 051156 | 22 
622546 | 2.37 873448 | 1-87 949099 | 4:24 O5ogor | 21 
822688 | 2.36 873335 | 1-87 940383 4:24 050647 | 20 
822830 | 2-36 873223 | 1-8 949607 | 4:24 |10+050393 | 1 
; 822972 | 2-36 ¢ Brant 1-8 ‘ 949862 | 4:24 050138 | 1 
823114 | 2-36 Brae 1-83 950116 | 4-24 049884 | 17 
823255 | 2.36 872835 | 1-88 9503570 | 4:24 949630 | 16 
823397 | 2-36 872772 | 1-88 950625 | 4:24 949375 | 15 
823539 | 2-36 872659 | 1-88 Ee 4:24 ee 21 | 14 
823680 2+35 872547 1-88 95113 4+24 048867 | 13 
823821 | 2-35 872434 | 1-88 951388 | 4:24 048612 | 12 
&23963 | 2-35 872321 | 1-88 951642 | 4-24 048358 | I1 
824104 | 2-35 872208 | 1-88 951896 | 4-24 048104 | 10 
9824245 | 2-35 | g-872095 | 1-89 | g-952150 | 4-24 |10-047850 | 9 
824386 | 2-35 | 871981 | 1-89 952405 | 4-24 047595 | 8 
824527 2-35 871868 1-89 95265: 4-24 047341 if 
824668 | 2.34 871759 | 1-89 95291 4-24 047087 | 6 
824808 | 2-34 871641 | 1-89 953167 | 4-23 046833 | 5 
824949 | 2-34 871528 | 1-89 953421 | 4-23 046579 | 4 
825090 | 2-34 871414 | 1-89 953675 | 4:23 046325 | 3 
82523c | 2-34 871301 1-8g 953929 | 4:23 045071 | 2 
825371 2°34 871187 | 1-89 954183 | 4-23 049817 I 
825511 | 2-34 871073 | 1-90 954437 | 4:23 045563 | 0 
Cosine D. Sine D. Cotang. D. | Tang. | M. 


(48 DEGREES.) 


ee 


60 (42 DEGREES., A TABLE OF LOGsRITHMIC 
M.] Sine D. Cosine D. Tang. D. | Cotang. 
o | 9825511 2-34 | g-871073 1-90 | 9:954437 | 423 |19-0459009 
1 | 825651 | 2-33 8jo960 | 1-90; 994691 | 4-23 045209 
2 825791 2-33 870846 1-90 994945 | 4-23 049099 
3 825931 2-33 870732 1-90 955200 | 4-23 044800 
4 826071 | 2-33 870618 | 1-90 995494 | 4-23 044546 
5 $26211 2-33 870504 1-90 955707 | 4-23 044293 
6 826351 | 2-33 870390 ; 1-90 995961 | 4-23 044039 
7 826401 | 2-33 870276 | 1-90 936215 | 4-23 043789 | 
8 826631 | 2-33 870161 | 1-90 oyieg 4:23 043531 
9 826770 | 2-32 870047 | 1:91 99672 4-23 043277 
Ic 826910 | 2-32 869933 | 1-91 | 956977 | 4-23 043023 
11 | 9827049 | 2:32 | 9:869818 | 1-9t | 9:957231 | 4:23 |10+042769 
12 82718 2-32 869704 | 1-gI 997485 | 4-23 042515 
13 827328 2-32 869589 | 1-91 997739 | 4-23 042261 
14 8274607 | 2-32 869474 | 1-91 997993 | 4:23 042007 
15 827606 | 2-32 869360 | 1-91 958246 | 4-23 041754 
16 ithe 2-32 869245 | 1-91 998500 | 4-23 041500 
17 827884 | 2-31 869130 | 1-91 998754 | 4-23 041246 
18 828023 | 2-31 869015 | 1-92 959008 | 4-23 040992 
19 828162 | 2-31 868900 | 1-92 959262 | 4-23 040738 
20 828301 | 2-31 868785 | 1-92 959516 | 4-23 040484 
at | 9-82843 2-31 | 9:868670 | 1-92 | 9:959769 | 4-23 |10-040231 
22 82857 2-31 868595 | 1-92 960023 | 4-23 039977 
23 828716 | 2-31 868440 | 1-92 960277 | 4-23 039723 
24 828855 | 2-30 868324 | 1-92 g60531 | 4-23 039469 
25 828993 | 2-30 86820 1-92 960784 | 4-23 039216 
26 8agi31 | 2-30 86809, 1-92 961038 | 4-23 038962 
2 829269 | 2+30 867978 | 1-93 g61291 | 4-23 03870 
8; 829407 | 2-30 867862 | 1-93 961545 | 4-23 03845 
29 829545 | 2-30 867747 | 1-93 961799 | 4-23 038201 
30 829683 | 2-30 867631 1-93 962052 | 4-23 037948 
31 | 9+82982t | 2-29 | 9:867515 | 1-93 | g-962306 | 4-23 |10-037694 
32 829959 | 2-2 867399 | 1-93 962560 | 4-23 037440 
33 830097 | 2+29 867 283 1-93 962813 | 4-23 037187 
34 830234 | 2+29 867167 1-93 963067 | 4-23 036933 
35 830372 | 2-29 867051 | 1-93 963320 | 4-23 036680 
36 830509 | 2+29 866935 | 1-94 963574 | 4-23 036426 
37 830646 | 2-29 866 19 1-94 963827 |. 4-23 036173 
38 830784 | 2:2 86670. 1-94 964081 | 4-23 03591 
39 830921 2-29 866586 1-94 964335 | 4-23 03566 
40 831058 | 2-28 866470 | *1+94 964588 | 4-22 035412 
41 | 9:531195 | 2-28 | 9+866353 | 1-94 | 9-964842 | 4-22 |10-035158 
42 831332 | 2-28 866237 | 1+94 965095 | 4-22 034905 
4B 831469 | 2:28 866120 | 1-94 965349 | 4-22 034651 
44 831606 | 2-28 866004 | 1-95 965602 | 4-22 034398 
45 831742 | 2-28 865887 1:99 g65855 | 4-22 034145 
46! 83187 2-28 865770 | 1-95 966105 | 4-22 033891 
4] 83201 2-27 865653 | 1-95 966362 | 4-22 033638 
48 832152 | 2-27 865536 | 1-95 966616 | 4-22 033384 
49 832288 | 2-27 865419 | 1-95 966869 | 4-22 033131 
50 832425 | 2.27 865302 | 1+95 967123 | 4-22 032877 
} Sr | 9:83256r | 2-27 | 9-865185.| 1-95 | 9+967376 | 4:22 |10-032624 
& 832697 | 2-27 865068 | 1-95 967629 | 4:22 032371 
53 832833 | 2-27 864950 | 1-95 967883 | 4-22 032117 
54 83296 2:26 864833 | 1+96 968136 | 4-22 031864 
55 83310 2:26 864716 | 1-96 968389 | 4-22 031611 
56 833241 | 2-26 864598 | 1-96 968643 | 4-22 031357 
5 83337 2-26 864481 1-96 968896 | 4-22 031104 
5 833512 | 2-26 864363 | 1-96 969149 | 4-22 030851 
59 833648 | 2-26 864245 | 1+96 969403 | 4-22 030597 
60 833783 | 2:26 864127 1-96 969656 | 4.22 030344 
Cosine _| _D. Sine D. Cotang. Ive Tang. 
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M. Sine De Cosine Ds Tang. 18} Cotang. | 
© | 9 833783 | 2-26 | 9-864127 | 1-96 | 9-909656 | 4-22 |10-030344 | 60 
I 833919 | 2-25 864010 | 1-96 969909 | 4-22 o3cog1 | 5 
2) 635.4054 2-25 863892 1+9Q7 g70162 | 4-22 029838 53 
3 83418q | 2-25 863774 | 1-97 970416 | 4-22 029584 | 57 
| 4 834325 | 2-25 863656 | 1:97 970669 | 4-22 029331 | 56 
5 834460 | 2-25 863538 | 1-97 970922 | 4-22 029078 | 55 
| 6 ek 2-25 863419 | 1-97 971175 | 4-22 028825. | 54 
H 834330 | 2-25 863301 | 1-97 971429 | 4-22 028571 | 53 
834865 | 2-25 863183 | 1-97 971682 | 4-22 028318 | 52 1 
| 9 8349 9 2 24 863064 1-97 971935 4+22 028065 | 51 
| 10 835134 ; 2524 862946 | 1-98 972188 | 4-22 ‘027812 | 5o 
Ir { y-835269 2-24 -862827 | 1-98 | 9:972441 | 4-22 |10-027559 | 4 
12 835403 | 2-24 : 862709 ee y ee, ah ae 4 
13 835938 | 2.24 862590 | 1-98 972948 | 4-22 027052 | 47 
14 835672 | 2-24 862471 | 1-98 973201 | 4:22 026799 | 46 
15 835807 | 2-24 862353 1-98 973454 | 4-22 026546 | 45 
16 835941 | 02-24 862234 1-98 973707 4-22 026293 | 44 
1] 836075 | 2-23 862115 | 1-98 973960 | 4:22 026040 | 43 
18 836209 | “2-23 861996 | 1-98 974213 | 4-22 025787 | 42 
19 836343 2-23 861879 1-98 974466 | 4-22 025534 | 41 
20 836477 | 2-23 861758 | 1-99 974719 | 4:22 025281 | 40 
21 | 9836611 | 2-23 -861638 | 1- -974973 | 4:22 |10-025027 | 3 
22 836745 2-23 2 861519 Kee : pian 4-22 ae 38 
23 836878 | 2-23 861400 | 1+99 975479 | 4-22 024521 | 37 
24 837012 2-22 861280 1-99 975732 | 4:22 024268 | 36 
25 837146 | 2-22 861161 | 1-99 975985 | 4-22 024015 | 35 
26 837279 | 2-22 861041 | 1-99 976238 | 4-22 023762 | 34 
27 837412 | 2-22 860922 | 1-99 976491 | 4-22 923509 | 33 
28 837546 | 2-22 860802 | 1-99 976744 | 4:22 923256 | 32 
29 837679 | 2-22 860682 | 2-00 976997 | 4:22 023003 | 31 
30 837812 | 2-22 860562'| 2-00 977290 | 4:22 02275v | 30 
31 | 9-837945 2-22 -860442 2-00 +977503 | 4-22 |10-0224 2 
32 838478 2-21 Z 860322 | 2-00 ; arse 4.22 SONA 2 
33 838211 | 2-21 860202 | 2-00 978009 | 4-22 021991 | 27 
34 838344 | 2-21 860082 | 2-00 978262 | 4-22 021733 | 26 
35 838477 2-21 859062 2-00 978515 Vow) 021485 | 25 
36 838610 | 2-21 859842 | 2-00 978768 | 4-22 021232 | 24 
3 838742 | 2-21 859721 | 2-01 979021 | 4-22 020979 | 23 
3 838875 2-21 859601 2-01 9719274 | 4:22 020726 | 22 
39 839007 | 2-21 859480 | 2-01 979527 | 4-22 020473 | 21 
40 839140 | 2-20 859360 | 2-01 979780 | 4-22 020220 | 20 
41 | 9-839272 | 2-20 | 9-859239 | 2-01 | 9-980033 | 4-22 |10-019967 | 1 
42 839404 | 2-20 859119 | 2-01 980286 | 4-22 019714 | I 
43 839536 | 2-20 858998 | 2-o1 980538 | 4-22 019462 | 17 | — 
44 839668 | 2-20 858877 2-or 980791 4-2 019209 | 16 
45 839800 | 2-20 858756 | 2-02 981044 | 4-21 018956 | 15 
46 839932 | 2+20 858635 | 2-02 981297 | 4:21 018703 | 14 
4] 840064 2-19 858514 2-02 981550 4-21 018450 | 13 
48 840196 | 2-19 858393 | 2-02 981803 | 4-21 o18197 | 12 
49 840328 2-19 858272 2-02 982056 | 4-21 017944 | 11 
5o 840459 | 2-19 858151 2-02 932309 | 4-21 017691 | 10 
51 |} 9840591 | 2-1 -85802 2-02 | 9982562 | 4-21 |10.017438 
52 : yee iG “ 857908 2-02 982814 | 4-21 017186 3 
53 840854 | 2+19 857786 | 2-02 983067 | 4:21 016933 | 7 | 
54 840985 | 2:1 857665 | 2-03 983320 | 4-21 016680 | 6 | 
55 841116 | 2-1 857543 | 2-03 983573 | 4-21 016427 | 5 
58; 841247 | 2-18 857422 | 2-03 983826 | 4-21 016174 | 4 
5> ; 841378 | 2-18 857300 | 2-03 984079 | 4:21 o15921 | 3 
56: 84:509 | 2-18 857178 | 2-03 | 984331 | 4-21 915669 | 2 
59: 841540 | 2-18 857056 | 2-03 984584 | 4-21 015416 | 1 
60; 841771 | 2-18 856934 | 2-03 | 984837 | 4-21 v15163 | © 
cE eA eee, pee ee Bok ie |e | 
Cosine D. Sine | D. Cotang. D. Tang. | M. 


SINES AND TANGENTS, (43 DEGRENS.) 


(46 DEGREES.) 


10 


Sine Dp: Cosine | Tang. D. Cotang. zy 
-841771 | 218 +856934 | 2-03 | g-984837 | 4-21 |10-015163 | $0 
: Bitar 2-18 7 856812 | 2-03 985090 | 4-21 o14gio0 | 5 
842033 | 2-18 856690 | 2-04 985343 4-21 014657 | 5 
842163 | 2-17 856568 | 2-04 ee 4-21 014404 | 57 
842294 | 2-17 856446 | 2-04 985848 | 4-21 014152 | 56 
842424 | 2-17 856323 | 2-04 986191 | 4-21 013899 | 55 
842555 2-17 856201 2-04 986354 | 4:21 013646 | 54 
842685 | 2-17 856078 | 2-04 986607 | 4-21 013393 | 53 
842815 | 2-17 855956 | 2-04 986860 | 4-21 o13140 | 52 
842946 | 2-17 855833 | 2-04 987112 | 4-21 012888 | 54 
843076 | 2-17 855711 | 2-05 987365 | 4-21 012035 | 50 
9+843206 2-16 9+ 855588 2-05 | 9:987618 4-21 |10-012382 | 4 
843336 | 2-16 855405 | 2-05 987871 | 4-21 O12129 | 4 
843466 | 2-16 855342 | 2-05 988123 | 4-21 211877 | 47 
843595 | 2-16 855219 | 2-05 988376 | 4-21 011624 | 46 
843725 | 2-16 855096 | 2-05 988629 | 4-21 011371 | 45 
843855 2-16 854973 2-05 988882 4-21 o11118 | 44 
843984 2-16 854850 2-05 989134 4:21 010866 | 43 
844114 | 2-15 tit 2-06 989387 | 4-21 010613 | 42 
844243 | 2-15 854'3 | 2-06 989640 | 4-21 010360 | 41 
844372 | 2-15 854480 | 2-06 989893 | 4-21 O10107 | 40 
9+844502 | 2-15 | 9-854356 | 2-06 | g-990145 | 4-21 |10-009855 | 3 
844631 2-15 854233 2-06 990398 4-21 009602 | 3 
844760 | 2-15 854109 | 2-06 gg0651 | 4-21 009349 | 37 
84488: 2-15 853986 | 2-06 990903 | 4-21 009097 | 36 
845018 2-15 853862 | 2-06 991156 | 4-21 obbas 35 
845147 | 2-15 853738 | 2-06 991409 | 4-21 008591 | 34 
845276 | 2-14 853614 | 2-07 991662 | 4-21 008338 | 33 
845405 | 2-14 853490 | 2-07 991914 | 4-21 008086 | 32 
845533 | 2-14 853366 | 2-07 992167 | 4:21 007833 | 31 
845662 | 2-14 853242 | 2-07 992420 | 4-21 007580 | 30 
9°845790 | 2-14 | 9:853118 | 2-07 | 9*992672 | 4-21 |10-007328 | 2 
845919 | 2-14 852994 | 2-07 992925 | 4-21 007075 | 2 
846047 | 2-14 85286 2-07 993178 | 4-21 006822 | 27 
846175 | 2-14 85274 2-07 993430 | 4-21 006570 | 26 
846304 2°14 852620 2-07 993683 4-21 006317 | 25 
846432 2-13 852496 2-08 993936 4-21 006064 | 24 
846560 | 2-13 852371 2-08 994189 | 4-21 005811 | 23 
846688 2-13 852247 2-08 994441 4-21 005559 | 22 
846816 2-13 852122 2-08 994694 | 4-21 005306 | 21 
846944 | 2-13 851997 | 2-08 994947 | 4:21 005053 | 20 
g+847071 2-13 | 9-851872 | 2-08 | 9-995199 | 4-21 |10-004801 | 1 
847199 | 2-13 851747 | 2-08 995492 | 4-21 004548 | 1 
847327 | 2-13 851622 2-08 995705 | 4-21 004295 | 17 
847454 | 2-12 851497 | 2-09 995997 | 4-21 004043 | 1€ 
847582 2+12 851372 2-09 996210 | 4-21 003790 | 15 
ao? 2-12 851246 | 2-09 996463 | 4-21 003637 14 
847836 | 2-12 851121 | 2-09 996715 | 4-21 003285 | 13 
847964 | 2-12 850996 | 2-09 996968 |} 4-21 003032 ' 12 
848091 | 2-12 850870 | 2-09 997221 | 4-21 002779 ) 4.4 
848218 | 2-12 850745 | 2-09 997473 | 4-21 002527 | ro 
9-848345 | 2-12 Ee 2-09 | 9-997726 | 4-21 |10-002274 
848472 | 2-11 89049 2-10 997979 | 4:21 002021 
848599 | 2-11 850368 | 2-10 998231 | 4-21 00176g 
848726 | 2-11 850242 | 2-10 998484 | 4-21 001516 
848852 | 2-11 850116 | 2-10 ie 4-21 001263 
848979 | 2-11 849990 | 2-10 | 998989 | 4-21 Oo1olt | 
849106 | 2-11 849864 | 2-10 999242 | 4-21 000758 
849232 | 2-11 849738 | 2-10 999499 | 4-21 000505 
ee 2-11 849611 | 2-10 999748 | 4-21 000253 
84948 2-11 849485 2+10 |10-000000 | 4-21 |10-000000 
‘| Cosine _ D. Bing 1 Dish Coteng. Di | Tang. | Ea 


(44 DEGREES.) A TABLE OF LOGARITHMIC 


(45 DEGREES.) 


Om MOR UO DO 


8 


00000 
00029 
j; 00098 
| 00087 
oo116 
00145 
00175 
00204 
00233 
00262 
00291 
00320 
0034 

13 00378 
14 | 00407 
15 | 00436 


16 | 00465 
17 | 00495 
18 | 00524 
19 } 00553 
20 | 00582 
21 | oo611 
22 | 00640 
23 | 0066 

24 | 306g 
25 | 00727 
26 | 00756 
2 00785 
2 00814 
29 | 00844 
30 | 00873 


31 | 00902 
32 | 00931 
33 | 00960 
34 | 0098 

35 ee: 
36 | 01047 
37 | 01076 
38 | o1105 
39 | 01134 
40 | 01164 
AI | O1193 
42 | 01222 
43 | 01251 
44 | 01280 
49 | 01309 


46 | 01338 
47 | 01367 
48 | 01396 
49 | 91425 
G0 | 01494 
Fy | 01483 
§2 | 01513 
53 | 01542 
54 | 01571 
55 | 01600 
56 | 0162 

57 | 0165 

58 | 01687 
01716 
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0 Deg. 
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89 Deg. 


A TABLE OF NATURAL SINES. 


Unit. 
1 +0000 
1-0000 
1 +0000 
1-0000| 


I+0000)' 


1-0000 
1 +000 
1-0000 
1 +0000 
1-0000 


99999 
99999 
99999 
99999 
99999 


99999 
99999 
9999 

9999 

99998 
99998 
99998 
99998 
99998 
99997 
99997 
99997 
99997 
99996 
99996 


99996 
99996 
99999 
99995 
99999 
99995 
99994 
99994 
99994 
99992 
99993 
99993 
99992 
99992 
99991 


99991 
99991 
99990 
99990 
99929 
99989 
99989 
9998 

99988 
99987 
99987 
99986 
99986 
99985 


8. 


= mm wm Cod OYrO~) ONO 


A TABLE OF NATURAL SINES. 


7 Deg. 


&@ Deg. 


10192 
10221 
10250 
10279 
10308 
1033 

5 1036 

58 | 10395 
10424 


99494 
99491 
99488 
99485 
99482 
99479 
99476 
99473 
99470 
99467 
99464 
99461 
99458 
99455 


so MS? 


S. 


C.S8 


9 Deg. 
i S=_fac s.| M 


12187) 99255 
12216) gg251 
12245) 99248 
| 12274) 99244 
' 12302] 99240 
12331] 99237 
! 12360] 99233 
1,, 12389} 99230) 
12418] 99226 
12447} 99222 
|| 12476) 99219} 
8} 12504) 99215 
5|| 12533} gg211 
12562) gg208) 
12591] 99204 
12620] 99200 


OSIGT 
99193 | 
99199) 
99186 
gg9182 
99178 
99179 
ggtyt 
99167 
99163 
99160 
99156 
99 #52 
99148 
99144 


99141 
99137 
99133 
ggi2 

9912 

99122 
gg118 
ggit4 
gg110 
99106 
gg102 
99098 
99094 
eae 
99007 
99083 
99°79 
99979 
g9o7t 
99067 
99063 
9905 

9905 

99051 
99047 
99043 
ea 
9903 

99031 


12649 
g|| 12678 
12706 
3}| 12735 
0|] 12764 
12793 
3!) 12822 
12851 
7|| 12880 
4\| 12908 
o|| 12937 
7|| 12966 
4|| 12995 
13024 
7|| 13053 


13081 
I|| 13110 
13139 
4i| 13168 
1|| 13197 
7|| 13226 
13254 
T| 13283 
Tl Toone 
13341 
|| 13370 
7\| 13399 
13427 
13456 
7|| 13485 


3}| 13514 
0}} 13543 
13572 
13600 
13629 
13658 
3} 13687 
13716 
13744 
2\| 13773 
13802 
11831 
15860 
13889 


13917 
13946| 
13975 
14004 
14033 
14061 
140g0 
1411 

14148 
141778 
14205 
14234 
14263 
14292 
14320 
14349 


14378 
14407 
14436 
14404 
14493 
14522 
14551 
14580 
14608 
14637 
14666 
14695 
14723 
14752 
14781 


14810 
14838 
14867) 
14896 
14925 
14994 
14982 
15011 
15040 
15069 
15097 
15126 
15155 
15184 
15212 


15241 

15270 
15292 

15327 
15356 
15385 
15414) 
15442 

15471 

15500 
15529 
15557 
15586 
15615 


99027 
99023 
99019 
ggo1d 


| 16964 


15643 
15672 
15701 
15730 
15758 
15787 
15816 
15845 
15873 
15902 
15931 
1595 

13988 
16017 
16046 
16074 


16103 
16132 
16160 
1618 

1621 

16246 
16275 
16304 
16333 
16361 
16390 
16419 
16447 
16476 
16505 


16533 
16562 
16591 
16620 
16648 
16677 
16706 
16734 
16763 
16792 
16820 
1684: 

1687 

16906 
16935 


98769 
98764 
98760 
98755 
98751 
98746 
98741 
98737 
98732 
98728 
98723 
98718 
98714 
98709 
98704 
98700 
98695 
98690 
98686 
98681 
98676 
98671 
98667 
98662 
98657 
98652 
98648 
98643 
98638 
98633 
98629 


98624 
98619 
98614 
98609 
98604 
98600 
98595 
98590 
98585 
98580 
98575 
98570 
98565 
98561 
98556 


98551) 
98546 
8541, 
98536) 
98531 
98526) 
98521 
17164} 98516 
17193] 9851r 
17222! 98506 
17250] 98501 
17279, 98496 
17308] 98491 


16992 
17021 
17050 
17078 
17107 
17136 


17336, 98486 


KOS 


8. 


84 Deg. g. 


C.8.} 8. 


C. 8.1 


: 82 Deg, g 


CAB MIS: 


El = Ny Wh AG WO 


81 Deg | 80 Deg | _ 


— & 


A TABLE OF NATURAL SINES. 


10 Deg. 11 Deg. 12 Deg. : 
ty RT CRS SE CS | See aS SES CaS. We E8s= CaS eM ; 
© | 17365} 98481]! 19081] 98163)! 20791) 97815} 22495] 97437]| 24192] 97030 60 | 
1 | 17303] 98476 1g 98157|| 20820! 97809] 22523) 97430]| 24220] 97023] 5 
2 | 17422| 98471]| 19138] 98152|| 20848) 97803|| 22552) 97424), 24249! 97015 58| 
3 | 17451! 98466]} 19167) 98146] 20877] 97797|| 22580] 97417) 24277 97008} 57 
4 | 17479| 98461|| 19195] 98140|| 20905] 97791]! 22608) 97411]| 24305, 97001; 50} 
5 ; 17508! 98455)| 19224 98135]| 20933] 97784)| 22637] 97404|) 24333} 96994] 55 
6 | 17537) 98450]} 19252 98129] 20962| 97778|| 22665) 97398]| 24362) 96987] 54} 
i 17565) 98445|| 19281] 98124], 20990; 977721) 22693 mise} 24390) 96980] 53 
17594) 98440 ee 98118] 21019] 97766|| 22722] 97384]) 24418] 96973] 52 
g | 17623] 98435]| 19338] 98112] 21047] 97760]| 22750 97378]| 24446} 96966) 51 
10 | 17651] 98430]! 19366] 98107|| 21076) 97754|) 22778) 97371]| 24474] 96959} 5o 
11 | 17680}. 98425|| 19395] 98ro1|| 21104! 97748] 22807] 97305 24503)*96952) 49 
12 | 17708] 98420|] 19423] 98096]) 21132] 97742)| 22835} 97358|| 24531) 96945 43 
13 | 17737] 98414] 19452] 980go|} 21161] 97735|| 22863} 97351|) 24559] 96937) 47 
14 | 17766} 98409] 19481| 98084]) 21189] 97729|| 22892 97345|| 24587} 96930] 46 
15 | 17794! 98404|| 19509] 98079]) 21218] 97723!) 22920] 97338 24615} 96923) 45 
16 | 17823) 98399]| 19538] 98073|| 21246] 97717|| 22948 97331]| 24644] 96916} 44 
I 17852| 98394]| 19566) 98067|) 21275] 97711|| 22977 97325|| 24672] 96909} 43) 
1 17880] 9$389|} 19595} 98061}) 21303] 97705}| 23005 97318|| 24700] 96902] 42 
19 | 17909) 98383]| 19623) 98056] 21331] 97698] 23033} 97311 24728] 96894) 41 
20 | 17937] 98378]] 19652] 98050]! 21360 gio 23062] 97304]| 24756] 96887] 4o 
2t | 17966| 98373] 19680} 98044)| 21388) 97686); 23090] 97298 24784| 96880} 3 
22 | 17995| 98368]! 19709 ae 21417} 97680]] 23118] 97291]] 24813] 96873) 3 
93 | 18023] 98362l) 19737] 98033]) 21445] 97673]) 23146) 97284 24841} 96866) 37 
24 | 18052] 98357|| 19766] 98027]) 21474) 97667)| 23175} 97278 24869] 96858} 36 
25 | 18081} 98352) 19794] 98021|| 21502] 976611) 23203] 97271|| 24897] 96851 35 
26 | 18109) 98347]! 19823) 98016) 21530) 97655}) 23231} 97264 24925| 96844) 34 
27 | 18138] 98341]! 19851] 980fo]] 21559) 97648!) 23260) 97257 24953) 96837] 33 
28 | 18166] 98336|| 19880| 98004|| 21587] 97642|| 23288] 97251} 24982) 96829 32 
29 | 18195] 983311] 19908) 97998)| 21616] 97636)| 23316} 97244 25010] 96822) 31 
30 | 18224] 98325]| 19937| 97992|| 21644] 97630]| 23345) 97237 25038] 96815] 30 
31 | 18252] 983201] 19965! 97987|| 21672| 97623|| 23373) 97230 25066| 96507] 2y 
32 | 18281] 98315]] 19994] 97981] 21701) 97617]| 23401 97223|| 25094) 9680c! 28 
33 |. 18309] 98310]} 20022] 97975|| 21729} 97611}| 23429] 97217 25122) 96793] 27 
34 | 18338] 98304}| 20051] 97969 oes 97604|| 23458] 97210] 25151] 96786) 26 
35 | 18367] 98299|| 20079) 97963|| 21786 97598]| 23486] 97203|| 25179] 96778! 25 
36 | 18395] 98294|| 20103) 97958)| 21814 ete 23514| 97196|| 25207] 96771} 24 
37 | 18424| 98288] 20136) 97952|| 21843] 97585) 23542 Bribe 25235) 96764| 23 
38 | 18452| 98283|| 20165] 97946|| 21871] 97579)| 23571| 97182 25263] 96756] 22 
39 | 18481| 98277|| 20193) 97940]] 21899] 97573|| 23599] 97176 25291] 96749} 41 
30 | 18509] 98272|| 20222) 97934|| 21928] 97566 23627| 97169]| 25320] 96742] 20 
4 | 18538] 98267]] 20250} 97928]| 21956] 97560 23656|- 97162\| 25348} 96734] 1 
42 | 18567] 98261|| 20279, 97922|| 21985 97553|| 23684 97185 25376] 96727) 1 
43 | 18595} 98256]) 20307] 97916|| 22013 97547|| 23712} 97148]] 25404] 96719) 1 
44 | 18624; 98250}| 20336) 97910]| 22041 97541|| 23740] 97141]] 25432] 96712) 16 
45 | 18652] 98245] 20364] 97905|| 22070 97534|| 23769} 97134|] 25460] 96705) 19 
46 | 18681} 98240)| 20393] 978 22098) 97528]| 23797| 97127|| 25488] 96697) 14 
47 | 18710 38234 awe 91803 ae 97521|| 23825] 97120]! 25516! 95690 13 
£8 | 28738) 982291) 20450) 97887]|| 22155) 97515 23853) 97113}| 25545] 96632| 12 
4g | 18767| 98223]) 20478 97881|| 22183} 97508]} 23882) 97106}) 25573) y6675| 11 
50 | 18795) 98218]| 20507} 97875|| 22212 97502|| 23910] 97100]| 25601] 96667] 10 
51 | 18824] 98212|| 20535) 97869|| 22240 gee 23938) 97093}| 25629} 96660 2 
52 | 18852) 98207] 20563} 97863)) 22268] 97489 23966: 97086)| 25657) 96653 
53 | 18881| 98201|| 20592] 97857)) 22297] 97483]) 23995) 97079 25685| 96645) 7 
34 | 18910} 98196|| 20620] 97851|| 22325] 97476 24023) 97072|| 25713| 96638] 6 
55 | 1893§| 981q0|| 20549] 97845}) 22353} 97470|| 24051 97065|| 25741] 96630] 5 
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§1179| 85911]] 52671] 85005]) 54146) 84072|| 55605) 83115|} 57047] 82132) 13 
896 52696) 84989] 54171| 84057|| 55630] 83098! 57071] 82115) 12 

51229| 85881]| 52720) 84974}, 54195| 84041)! 55654} 83082]! 57095) 82098} 11 
51254) 85866)) 52745) 84959|} 54220] 84025], 55678! 83066)) 57119) 82082 
3 54244) 84009) 55702] 83050]! 57143) 82065 

51304} 85836]| 52794) 84928 pe) 83994!) 55726} 83034|| 57167} 82048 
83978]| 55750] 83017} 57191) 82032 

51354! 85806|| 52844] 84897]] 54317| 83962|| 55775) 83001]} 57215] 82015 
51379| 85792|| 52869) 84882]! 54342] 83946]! 55799} 82985)| 57238) 81999 
51404] 85777|| 52893] 84866)| 54366} 83930) 55823) 82969|| 57262) 81982 
51429| 857621! 52918} 84851] 54391} 83915) 55847) 82953]) 57286) 81965 
51454) 85747]| 52943) 84836|| 54415 83899 55871} 82936|| 57310] 81949 
51479| 85732|| 52967] 84820]| 54440, 83863) 55895) 82920)) 57334) 81932 


oO 
On 
& 
= 
is} 
co 
ew 
i) 
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a 


4 
{ise aetee ea. 


A TABLE OF NATURAL SINES. 


57762| 81631|| 59178] 80610] 60576] 79565|| 61955] 78496)) 63316) 77402) 43 


57857| 81563)| 59272} 80541|| 60668] 79494|| 62046) 78424]} 63406) 77329) 39 


| 85 Deg. 86 Deg. A . 89 Deg. 
ICL Stl Sen ECL Sal Seas Sais aa Meas Se 0/ CS) ]) MM 
57358| 81915]! 58779] 80902|| 60182| 79564 61566] 78801]| 62932} 77715| $0 


57381) 818 58802| 80885 3 5 
u $3 58826| 80867]| 60228] 79829]| 61612] 78765), 62977 77678) 5 
57429| 81865]] 58849| 80850|] 60251) 79811|} 61635 78747|| 63000] 77660] 5 
57453| 81848]| 58873} 80833|| 60274| 79793|| 61658] 78729]) 63022 77641) 5 
57477, 81832|| 58896] 80816!| 60298) 79776|| 61681) 78711|/ 63045 77623} 5 
57501| 81815|| 58920) 80799) 60321) 79758) 61704} 78694|| 63068) 77605) 54 
57524 ne 58943| 80782] 60344] 79741|| 61726| 78676|) 63090) 77586} 53 

2)| 58967] 80765|| 60367] 79723|| 61749) 78698), 63113] 77568} 52 
57572| 81765|| 58990] 80748|| 60390| 79706|| 61772| 78640]) 63135 77550} 51 
57596| 81748|| 59014] 80730|| 60414] 79688) 61795) 78622], 63158) 77531) So 
57619} 81731|} 69037] 80713) 60437] 79671|| 61818) 78604)) 63180 77513] 49 
57643] 81714||. 59061) 80696) 60460) 79653 61841| 78586] 63203! 77494) 48 
57667 BrEge 59084| 8n679|| 60483) 79635|| 61864} 78568)| 63225 77476) 47 

1] 59108] 8.652)| 60506] 79618|| 61887} 78550}! 63248) 77458) 46 
57715) 81664|| 59131] 80644|| 60529] 79600|| 61909] 78532|| 63271] 77439] 45 


57738} 81647|| 59154! 80627|| 60553] 79583)| 61932] 78514|| 63293) 77421) 44 


57786] 81614|| 59201] 80593|| 60599] 79547|| 61978] 78478)| 65338) 77384) 42 
57810] 81597|| 59225} 80576)| 60622] 79530]) 62001] 78460)) 63361) 77366; 41 
57833] 81580} 59248) 80598)) 60645) 79512|| 62024) 78442]| 63383) 77347) 40 


57881} 81546}| 59295 80524)| 60691} 79477 62069} 78405)| 63428! 77310) 33 
57904| 81530]| 59318] 80507|| 60714) 79459|| 62092] 78387)) 63451] 77292| 37 
57928] 81513|| 59342] 80489|| 60738! 79441|| 62115) 78369|) 63473) 77273) 36 
57952| 81496|| 59365} 80472|| 60761| 79424)| 62138) 78351]] 63496] 77295} 35 
57976| 81479|| 59389] 80455|| 60784] 79406|| 62160) 78333)) 63518) 77236) 34 
57999| 81462|| 59412] 80438|| 60807) 79388}} 62183) 78315} 63540] 77218} 33 
58023} 81445}| 59436] 80420|| 60830] 79371} 62206) 78297] 63563) 77199; 32 
58047] 81428}! 59459] 80403)| 60853! 79353|| 62229) 78279] 63585] 77181] 31 
58070) 81412|| 59482] 80386! 60876} 79335|| 62251] 78261|) 63608] 77162) 30 


58094] 81395|| 59506] 80368}} 60899] 79318]| 62274) 78243)] 63030] 77144) 2 
58118} 81378]| 59529] 80351} 60922} 79300]| 62297] 78225]| 63653) 77125) 2¢ 
58141] 81361] 59552) 80334'| 60945} 79282]| 62320) 78206]! 63675) 77107] 27 
58165] 81344]! 59576) 80316]} 60968) 79264); 62342) 78188)) 63698) 77088) 26 
58189] 81327]| 59599) 80299|} 60991|+79247]|| 62365) 78170)) 63720] 77070] 25 
58212] 81310] 59622} 80282|| 61015} 79229|| 62388) 78152)| 63742] 77091] 24 
£8236] 81293}! 59646) 80264|| 61038) 79211]} 62411] 78134]| 63765) 77033) 23 
58260} 81276]! 59669! 80247]) 61061| 79193|| 62433) 78116|| 63787] 77014] 22 
58283] 81259]| 59693} 80230)| 61084] 79176|| 62456) 78098]! 63810] 76996| 21 
58307] 81242|| 59716} 80212, 61107] 7915S|| 62479, 78079|| 63832| 76977] 20 
58330} 81225|| 59739} 80195|| 61130} 79140] 62502) 78061|} 63854] 76959] 19 
58354| 81208|| 59763) 80178|/ 61153} 79122] 62524) 78043}! 63877) 76940] 18 
58378] 81191|| 59786) 80160]] 61176} 79105|| 62547) 78025)| 63899} 76921] 17 
58401] 81174} 59809! 80143]} 61199] 79087) 62570, 78007|| 63922} 76903] 16 
58425] 81197}| 59832] 80125} 61222| 79069|| 62592) 77988|| 63944] 76884) 15 


58449] 81140|| 59856) 80108]] 61245] 79051|| 62615) 77970|| 63966) 76866) 14 
58472! 81123]| 59879] Soog1|| 61268] 79033} 62638! 77952\| 63989] 76847] 13 
58496] 81106]! 59902) 80073]| 61291) 79015\| 62660] 77934|| 64011| 76828] 12 
ot 81089]| 59926) 80056}) 61314} 78998|| 62683 

81072)| 59949} 80038}) 61337 nbsho 62706) 77897|| 64056] 76793) to 
58567| 81095]| 59972} 80021]| 61360, 789621} 62728| 77879} 64078] 76772 
98590} 81038}! 59995) 80003)) 61383] 78944|| 62751] 77861|| 64100] 76754 8 
58614) 81021]! 60019} 79986)| 61406] 78926|| 62774) 77843|| 64123) 76735 
53637] 81004|| 60042| 79968|| 61429] 78908|| 62796| 77824|| 64145| 7671 
58661) 80987|| 60065! 79951|| 61451! 78891 628 
58684) 80970|| 60089 79934!| 61474] 78873]| 62842) 77788]| 641G0) 76679 


wJ 
~~) 
aT 
a 
(oy 
& 
° 
w 
w 
| 
a 
co 
- 
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58731| 80936)! 60135) 798q9|] 61520] 78837|| 62887] 77751] 64234| 76642 
58755] 80919)| 60158; 79881)] 61543 _78819||_ 62909) 77733 64256 76623 


5 
) 4 
58708} 80993}! 60112, 79916|| 61497] 78855|| 62864} 77769]] 64212] 76661| 3 
2 
I 
M 


CLs See. SNES a CAS Sa CA Sa mess |ECanS oH iioe 


_ 54 Deg. 53 Deg. 52 Deo. tt 51 Deg. _ 50 Deg. 


| # Deg. || 41 Deg. { 42 Deg. 
AM Shed KOSH Sg AGRIC ee (CASS s. 


OO DOR WH O 


A VABLE OF NATURAL SINES, 


mp 
43 Deg. 44 Deg, 


GIS: 


64279) 76604!| 65606) 75471 
64301| 76586|| 65628) 75452 
64323} 76567|| 65650! 75433 
64346) 76548|) 65672) 75414! 
64368) 76530) 65694) 75395 
64390} 76511|| 65716} 75375 
64412) 76492 $5738 75356 
64435; 76473|| 63759) 75337 
64457) 76455}; 65781| 75318 
64479| 76436)| 65803) 75299 
64501} 76417|| 65825) 75280 
64524) 76398|| 65847! 75261 
64546| 76380) 65869) 75241 
64568) 76361/| 65891) 75222 
64590) 76342) 65913) 75203 
64612) 76323]| 65935} 75184 
64635) 76304|| 65956} 75165 
64657) 76286)| 65978) 75146 
64679| 76267|| 66000] 75126 
64701| 76248)| 66022| 7510 

64723) 76229) 66044 15088 
64746| 76210]| 66066) 75069 
64768| 76192|| 66088) 75050 
64790) 76173)| 66109) 75030 
64812! 76154|| 66131} 75011 
64834) 76135|| 66153} 74992 
64856) 76116} 66175) 74973 
64878) 76097)| 66197| 74953 
64901! 76078!} 66218) 74934 
64923! 7605g)| 66240] 74915 
64945) 76041!) 66262; 74896 
64967} 76022|| 66284] 74876 
64989) 76003}; 66306| 74857 
65011! 75984 66327) 74838 
65033) 75965)| 66349] 74818 
65055} 75946]| 66371] 74799 
65077} 75927|| 66393) 74780 
65099 noe 66414) 74760 
65122) 75889|| 66436, 74741 
65144) 75870)| 66458] 74722 
65166) 75851|| 66480] 74703 
65188! 75832)| 66501} 74683 
65210| 75813!) 66523] 74664 
65232} 75794|| 66545] 74644 
65254) 75775) 66566) 74625 
65276! 75756|| 66588) 74606 


65298) 75738]| 66610 74586 
65320] 75719]| 66632) 74567 
65342| 75699]| 66653) 74548 
65364| 75680]|| 66675) 74528 
| 65386) 75661|} 66697) 74509 
65408) 75642\| 66718) 74489 
65430) 75623)| 66740] 74470 
65452} 75604] 66762! 74451 
65474) 75585|| 66783} 74431 
65496| 75566)| 66805) 74412 
65518) 75547|| 66827) 74392 
65540, 75528)| 66848) 74373 
65562! 7550g|| 66870] 74353 
65584, 75490)| 66891} 74334 
65606) 75471)| 66913} 74314 


66913} 74314) 
66935} 74295 
66956! 74276 
66978) 74256 
66999} 74237 
67021| 74217 
67043) 74198 
67064) 74178 
67086| 74159 
67107] 74139 
67129} 74120 
67151) 74100 
67172] 74080 
67194| 74061 
67215| 74041 
67237| 74022 
67258) 74002 
67280] 73983 
67301} 73963 
67323) 73944 
67344! 73924) 
67366} 73904 
67387] 73585 
67409) 73865 
67430] 73846 
67452| 73826 
67473| 73806 
67495) 73787 
67516} 73767 
67538) 73747 
67559} 73728 
67580) 73708 
67602) 73688 
67623} 73669 
67445| 73649 
67666} 73629 
67688] 73610 
67799} 73590) 
67730} 73570 
67752) 73551 
67773) 73531 
67799; 73511 


67816| 73491), 


67837} 73472 
67859] 73452 
67880] 73432 
67901| 73412 
67923} 73393 
67944! 73373 
67965| 73353 
67987| 73333 


68008} 73314) 


68029] 73294 
68051} 73274 
68072] 73294 
68093) 73234 
68115} 73215 
68136] 73195 
68157} 73175 
68179} 73155 
68200} 73135 


68200 
68221 
68242 
68264 
68285 
68306 
68327 
68349 
68370 
68391 
68412} 
68433 
68455 
68476 
68497 
68518 


68539 
68561 
68582 
68603 
68624 
68645 
68666 
68688 
68709 
68730 
68751 
68772 
68793 
68814 
68835 


68857 
68878 
68899 
68920 
68941 
68562 
68982 
69004 
69025 
69046 
69067 
69088 
69109 
69130 
69151 


69172 
69193 
69214| 
69235 
69256, 
69277 
69298; 
69319 
69340 
69361 
69382 
69403 
69424 
69445 
69466 


73135 
73116 
73096 
73076 
73056]! 
73036 
73016 
72996 
72976 
72997 
72937 
72917 
72097 
72877 
72857 
72837 
72817 
72797 
72771 
72797 
72737 
72717 
72697 
72677 
72657 
72637 
72617 
72597 
72577 
72597 
72537 
72517 
72497 
72477 
72457 
712437 
72417 
72397 
7237] 
72397 
72337 
FOS te 
712297 
72277 
72297 
72236 
72216 
72196 
72176 
72156 
72136 
72116 
72095 
72075 
72095 
72035 
72015 
71995| 
71974 
71994 
71934 
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49 Deg. {| 48 Deg. 


47 Deg. | 


46 Deg. 


Elcom wma mon 


al 


TRAVERSE TABLE. 


| 
Ss) 4 Deg 4 Deg. 2 Deg. | i} 
Bh | aes 
i Sees _s i) 
1 5 
8 Lat. Dep. |} Lat. [ Dep. Lat Dep 2 
1-1 | “1,00'| “0-00 || “1-00 | ~ 0-01 1.00 | 0.61 | i 
2; - 2.00 0.01>h 2.00 0.02 2.00 0.03 2 
Sealey 00 O01 Si Sie) 003 3.00 0.04 3 
4 4.00} 0.02 | 4.00; 0.03 |} 4.00 0.05 4 
& 5.00 0.02 || 5.00 0.04 5.00 0.07 5 
i 6 6.00 ; 0.03 6.00 0.05 6.00 0.08 4 
% 7.00 0.03 7.00 0.06 7.00 0.09 of 
_8 8.00 0.03 8.00 0.07 8.00 0.10 | 8 
9 9.00 0.04 9.00 0.08 9.00 0.1 9 
10 10.00 0.04 || 10.00 0.09 10.00 0.23 | 10 
11 11.00 0.05 11.00 | 0.10 11.00 0.14 11 
12 12.00 0.05 00 0.18 12.00 0.16 12 
12} 13.00 0.06 || 13.00 0.11 |) 138.00 0.17 13 
14 ! 14.00 0.06 || 14.v0 O.19 14.00 0.18 14 
15 15.00 0.07 15.00 O13 15.00 0.20 15 
16 16.00 0.07 16.00 } ~ 0.14 16.00 0.21 16 
% 17.00 0.07 17.00 0.15 | 17.00 H222 17 
18 18.00 v 08 |! 18 v0 0.16 || 18.00 0.24 18 
19 19.00 U.08 | 19.00 0.17 18.00 0.25 19 
20 20.00 0.09 | 20.00 0.17 20.00 0.26 20 
2 21.60 0.09 } 21.00 0.18 21.60 C27 21 
22 22.00 0.10 | 22.00 0.19 22.00 0.29 22 
Re 23.00 0.10 |; 23.00 0.20 23.00 0.30 23 
24 \ 24.00 0.10 24.00 0.21 24.00 0.31 24 
Pas) 25.00 0.11 H 25.00 0.22 2500 Lis Goa0 25 
26 26.00 Deiat 25.00 OFZ 26.00 0.34 26 
Q7 27.00 0.12 27.00 0.24 i 27.00 0.35 Qh 
28 28.00 0.12 28.00 0.24 || 28.00 ORSk 28 
29 29.00 0.13 29.00 0.25 + 29.00 0.38 29 
30 30.00 Oss 30.00 0.26 || 30.00 0.39 *30 
31 31.00 0.14 31.00 0.27 31,00 0.41 3l 
32 32.00 0.14 32.00 0.28 32.00 0.42 2 
33 33.00 0.14 33.00 0.29 33.00 0.43 33 
34 34.00 0.15 34.00 0.30 || 34.00 0.45 34 
35 85.00 0.15 35.00 Ossie 35.00 0.46 oD 
36 36.00 0.16 36.40 OF31 36.00 0.47 36 
37 37.00 0.16 37.00 0.32 37.00 0.48 37 
38 38.00 Deir 38.00 0.33 38.00 0.590 38 
39 1| 39.00 0.17 39.00! 0.34 39.00 Oeba a lees9 
40 40.00 Ue by / 40.00 | 0.35 40.00 0.52 40 
4| 41.00 0.18 41.00 0.36 41.00 0.54 4] 
42 42.00 0.18 42.00 (URSIE 42.00 0.55 42 
43 43.00 0.19 43.00 0.38 43.00 0.56 43 
a4 44.00 0.19 44.00 0.38 44.00 0.58 44 
45 45.00 0.20 45.00 0.39 45.00 0.59 45 
| 46 | 46.00! 0.20 || 46.00] 0.40 | 46.00 | 0.60 46 
47 47.00 0,21 47.00 0.41 47.00 0.62 47 
48 48.00 0.21 48.00 0.42 48.00 0.63 48 
49.| 49.00 0.21 49.00 0.43 49.00 0.64 49 
50 50.00 0.22 50.00 0.44 50.00 0.65 50 
§ Dep Lat. Dep Lat. Dep. Lat. g 
3 - 3 
a a 
a 89} Deg 893 Deg. 89} Deg. A 


st] | 


TRAVERSE TABLE, 73 


{ 
ieee re 2 Deg 
Ss | ——— —_— 
3 Lat Dep Lat Dep. }} 
yee - { 
51 | 51.00} 0.22 51.00 | 0.45 || 51.00 
52 | 52.00} 0.23 52.00 | 0.45 
53 | 53.00 | 0.23 53.00 | 0.46 | 
54 | 54.00! 0.24 54.00 | 0.47 
55 ) 55.00 | 0.24 55.00 | 0.48 
56 | 56.00 | 0.24 58.00 | 6.49 
57 | 57.00 | 0.25 57.00 | 0.50 
58 | 58.00] 0.25 58.00 | 0.451 
59 | 59.0C | 0.26 59.00 6.51 
60 | 60.0 | 0.2€ 6C.90C : 0.52 
61 | 61.00 | 0.27 | 61.00 | 6.53 
62 | 62.00 | 0.27 62.00 | 0.54 
63 | 63.00 | 0.27 || 63.00 | 0.55 
64 | 64.00 | 0.28 64.00 | 0.56 
65 | 65.00 | 0.28 65.00 | 0.597 
66 | 66.00 | 0.29 || 66.00); 06.58 
67 | 67.00 | 0.29 67.00 | 0.58 
68} 68.00 | 0.30 68.00 | 0.59 
6° | 69.00 | 0.30 69.00 | 0.60 | 
7 | 70.00 | 0.31 70.00 | 0.61 
Tae OOo! MOD AE 71 00s .0n62" | 
72 | 72.00} 0.31 72.00 | 0.63 
73 | 73.00 | 0.32 73.00 | 0,64 ; 
74 | 74.00 | 0.32 74,00 | 0.65 : ‘ 
75 | 75.00 | 0.33 || 75.00 | 0.65 || 74.99 | 0.98 75 
76 | 76.00 | 0.33 76.00 | 0.66 || 75.99 | 0.99 | 76 
Per ie00N 0.04 77.00 | 0.67 || 76.99 1.61 77 
78.00 | 0.34 78.00 | 0.68 || 77.99 1.02 78 
79 | 79.00 | 0.34 || 75.00] 0.69 || 78.99 1.03 79 
80 | 80.00 | 0.35 80.00 | 0.70 |) 79.99 1.05 80 
81 | 81.00 | 0.35 81.00 | 0.71 || 80.99 1.06 81 
82 | 82.06 | 0.36 82.00 | 0.72 | 81.99 1.07 82 
83 | 83.00 | 0.36 83.00} 0.72 || 82.99 1.09 83 
84 | 84.00] 0.37 84.00 | 0.73 || 83.99 1.10 84 
85 | 85.60 | 0.37 85.00 | 0.74 || 84.99 oil 85 
86 | 86.00 | 0.38 86.00 | 0.75 } 85.99 te13 86 
87 7,00 | 0.5 ; ¢ 
88 | 88.00] 0. ; 
s9 | 89.00] 0. 
90 | 90.00 | 0. 
91 | 91.00 | 0. 
2 | 92.00] 0. 
93 | 93.00 | 0. 
94 | 94.00 | 0. 
95 | 95.00 | 0. 
96 | 96.00 | 0. 
* 97 | 97.00 | 0.42 
98 | 98.00 | 0.43 
99 | 99.00 | 0.43 
100 | 100.00 | 0.44 
§ | Dep. Lat 


89} Deg. 


74. TRAVERSE TABLE 


Si pd Dew, 
= 
Fite 
8 Lat. | Dep. | 
“1| 1.001 0.02} 1,00!-0.02a l-"1.66' 0 oz) 100.03! 
21 2.00/ 0.03 1 2.00) 0.04 || 2.00} #62" 2/60] 0106: 2 
3 3.00] 0.05 | 3.00} 0.07] 3 uy) gael] $00! o 09; 3 
4 4.00 )0.07) 4.00] 0.09} 4 09) {1011 4.00 0.12) .4 
5 5.00) 0.09) 5.00! 0.11 || 5.00: 9/131 5.00] 01151 5 
6, 6.00) 0.10] 6.00! 0:13! 6g %,16)| 6.00; 018] 6 
7} 7.00} 0.121 7.00! 0.15) 7.03] © i8'| 7.60 0.21] 7 
8; 8.00) 0.14 || 8.00) 0.17) $.00| v.2tl! giao 0.25] 8 
9; 9.00).0.16 4) 9.00! 0.2611 9.00] 0.241) 9.00 0.28! 9 
10] 10.00} 0 17]/ 10,00} 0.29 | 10.00 | 0.26 || 10.00; 0.31) 10 
11} 11.00} 0.19 {111.00 | 0.24 | 11.00 |-0 28 //10.99| 0.34! 7] 
12) 12.00) 0.21 112.00) 0.26 |/12.00! 0:31 |] 11.99! 0/37 12 
13, 13.00] 0.23 ||13.00] 0.98 113.00; 0.34]/ 12.99! 0.40] 13 
14) 14,00) 0.24 14.00} 0.31 | 14:00) 0.37 |] 13199 0.43] 14 
15) 15.00) 0.26 | 15.00} 0.33 || 14:99 0:39 || 14.99 0.46] 15 
18] 16.00] 0.28 | 16.60] 0.35] 15.99! 0.42 || 15199 0.49} 16 
17| 17.00 | 0.30) 17.00} 0.37) 16.99| 0:45 || 16.99 0.52] 17 
18/18.00] 0.31 | 18.00] 0.39 || 17.99! 0.47 || 17799 0.55] 18 
19; 19.00) 0.33 / 19.00] 0.41 || 38.99| 0.50 || 18.99 0.58] 19 
20 | 20.00 | 0.35 || 20.00} 0.44 || 19.99 | 0.52] 19/99 0.61 | 20 
21 / 21.00 | 0.37 21.00 | 0.46 |/ 20.99 | 0.55 || 20.09 0.64] 21 
22 | 22.00] 0.38 | 21.99| 0.48 |/21.99| 0.58 || 91199 0.67] 22 
23 | 23.00 | 0.40 | 22.99] 0.50 |/ 92.99! 0.60 | 99 99} 0.701 '93 
24 | 24.00) 0.42 | 23.99] 0.521 293.99! 0.62 | 23199 0.73] 24 
25 | 25.00] 0.44 24.99] 0.55 24.99} 0.65) 24.99] 0.76] 95 
26 | 26.00] 0.45 || 25.99] 0.57|125.99| 0.68 || 25.99 0.79 | 26 
27 | 27.00) 0.471 26.99) 0 59'198/99| 0.7111 26.99 0.83] 27 
28 | 28.00) 0.49 / 27.99) 0.61|127.99| 0.731 87.99 0.86] 28 
29 | 29.00) 0.51 28.99] 0.63 | 98/991 0.76 | 28199 0.89] 29 
30] 30.00] 0.52 29.99 |" 0.65 || 29.99 | 0.79 | 29.99) 0.99 30 
31] 31.00] 0.54 | 30.99) 0.68 | 20.99 | 0.81 || 30 89); 0.95} 31 
32 | 32.00 | 0.56 |/31.99] @.70 || 31.99] 0 84 | 31.89] 0.98) 32 
33 (32.99) 0.58 32.99] 0.72 || 32:99! 0.86 |.39 98| 1.01] 33 
24 83.99) 0.59 | 33.99) 0.74 |1 33.99! v.89 || 39 98 | 1.04] 34 
35 | 34.99) 0.61 | 34.99] 0.76 |) 34.99 | 0.92 || 34 98.) 1,07) 35 
36 175.99 | 0.63 |/35.99| 0.79] 35.991 0.94 35.98 1.10] 36 
37 | 36.99} 0.65 |/36.99| 0.81 | 36.99| 0.97 36.98 1.13] 37 
38 | 37.99) 0.66 |/37.99| 0.83 || 37:99! 0299 137.98 1.16] 38 
39 / 38.99 | 0.68 | 38.99] 0.85 1138.99] 105 38.98 | 1.19] 39 
40 | 39.99 | 0.70 || 39.99} 0.87]] 39:99] 1/05 39.98! 1.22] 40 
41} 40.99 | 0.72 || 40,99 | 0.89 || 40.99 1.07 |) 40.98) 3°25] a7 
42/41.99| 0.73 41.99! 0.92] 41.99] 1210 41.98] | 28 | 42 
43) 42.99) 0.75 | 42.99} 0.94 || 4999 1.13 |) 42.98] 1.31! 45 
44) 43.99} 0.77 | 43.99] 0.96 |] 4399 1.15) 48.98] 1.54 44 
45 | 44.99 | 0.79 |44.99| 0.98 | 44.99 1.181 44.98] 1.37 45 
46; 45.99! 0.80 || 45.99 1,00} 45.99} 1.2011 45.98] 1.40 46 
47 | 46.99/ 0.82 |/46.99| 1.03] 46/99 1.23] 46.98] 1.44 47 
48 /47.99| 0.84 |/47.99} 1.05 | 47.98 1.26 |, 47.98} 1 471 agi 
49} 48.99} 0.86 | 48.99) 1/07 || 48/98 1.28 || 48.98] 1.501 49| 
50 49.99 | 0.87/49.99/ 1.09] 49.98| 1°31 49.98, 1.£3| 59 
Dep. | Wat. Dep. | Lat. || Dep. | Lat. | & 
cs E 
a 
867 Deg. 881 Deg, 88] Deg. | ie 
LL EEA TS 
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oS 
7 
=» 
5 
ey 
0.98 || 55. ‘ 4 BS. iW 
0.99 a 5A YR 49 || 56. ibs 
58} 57.99} 1.01 57.99) 1.27 || 47-5 WOW Osa leeds 
59 | 58.99} 1.03//58.99) 1.29 1158.98; 1.54/158.97) 1. 
60 | 59.99) 1.05 1/59.59} 43.2) 59.98) 1.57|| 59.97) 1. 
61 | 60.99) 1.06 || 60.99 -37 |} 60.93) 1.60160.97) 1. 
62/61.99/} 1.08)}61.99| 1.35 ]}61.95! 1.62]/61.97| 1. 
63 | 62.99] 1.10||62.99| 1.37 || 62.88 1.65]|/62.97| 1. 
64/|63.99| 1.12]}63.98| 1.46]/63.$3] 1.68 ||63.97| 1. 
65|64.99) 1.13]|64.98| 1.42]/64.98] 1.70]|64.97]| 1 
66/65.99| 1.15||65.98; 1.44] 65.98] 1.73]|65.97| 2 
67| 66.99! 1.17}||/66.98| 1.46|/66.98| 1.75 ]|66.97]. 2. 
68 | 67.99| 1.191|}67.98| 1.48] 67.98] 1.78/|67.97| 2. 
69| 68.99] 1.201||68.98| 1.51]}68.98) 1.81]/68 97] 2. 
70 | 69.99} 1.221/69.98) 1.53]/ 69.98 | 1.83] €9.97] 2. 
71|70.99| 1.24) 70.98) 1.55 || 70.98) 1.86 || 70.97] 2. 
72471.99) UV. 2671.98 ) 2.571 71.98)" 1.88 70597 | 2.3 
U3) 12-99) Posi fe29S) Veo Se (2.97 le UO ee Tie ee 
74.1 73,99 ¥.29'} 73.98 | #L.61-7-73.97) 1,941 738.97) 2. 
75|74.99| 1.81]| 74.98 | 1.641) 74.97) 1.96) 74.97] 2.4 
761 75.99) 1.393]| 75.98) 1.66]| 75.97) 1.9911 75.96 | 2.¢ 
717 | 76.99 | 1.34) 76.98) 1.68; 76.97) 2,02 || 76.961" 2.: 
784 77.99| 1.364) 77.98) 1.701) 77.97 | 2.04 77.96: | 2. 
79 | 78.99 | 1.381) 78.98) 1.721\'78.97) £.07 || 78.96) 2. 
$6479.99} 1.40179.98) 1.751) 79.97) 2.09.1) 79.96) 2. 
81| 80.99] 1.41 }}80.98| 1.77) 80.97) 2.12]/80.96] 2. 
82! 81.99} 1.43 ]/81.98) 1.79) 81.97) 2.15 81.96 | 2. 
83 | 82.99] 1.4511 82.98] 1.811 82.97) 2.17] 82.96 | °2.! 
84!83.99| 1.47 || 83.98] 1.83] 83.97] 2.201 83.96) 2.8 
85 | 84.99| 1.48 |) 84.98| 1.85] 84.97, 2.23] 84.96, 2. 
86| 85.99} 1.50 || 85.98) 1.88] 85.97) 2.25 ]|85.96| 2.6 
87|86.99| 1.521| 86.98; 1.90]) 86.97] 2.28 | 86.96) 2.6 
88/| 87.99} 1.54 || 87.98) 1.921 87.97] 2.30] 87.96] 2. 
89/88.99| 1.55 }|'88.98) 1.94] 88.97] 2.33)/88.96|] 2. 
90) 89.99| 1.57 1189.98 | 1.96] 84.97] 2.36] 89.96] 2. 
91 | 90.99| 1.59 || 90.98| 1.99 || 90.97 | 2.38 90.96] 2.7 
92!91.99| 1.61]/91 98] 2.01] 91.97! 2.41] 91.96] 2. 
93 92.99! 1.621) 92.98] 2.0311 92.97; 2.43] 92.96] 2.8 
94.93.99| 1.64] 93.98| 2.05) 93.97] 2.46|/93.96| 2. 
- 95 94.99! 1.66 |) 94.98] 2.07] 94.971 2.49 ||94.96| 2.: 
9695.99} 1.68] 95.93| 2.09/1 95.97] 2.51 | 95.96] 2: 
97| 96.99! 1.69|| 96.98] 2.12] 96.97] 2.54|/96.95) 2. 
98197.99| 1.71 1197.98) 2.14) 97.97) 2.57|197.95 2.9 
99/98.98| 1.73|| 98.98] 2.16 || 98.97) 2.59 98.95: 3. 
100 | 99.98] 1.75 )!99.98| 2.18] 99.97] 2.62] 99.95: 3. 
& | Dep. | Lat. || Dep.| Lat. | Dep | Lat. || Dep. La? 
3 a _-— 
a 89 Deg 88} Deg. 881 Deg. 884 Der 
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TRAVERSE TABLE. 


=~] 
~] 


go 23 Deg cS} 
i a 
2 elie 
> j 
$ : Lat Dep. 3 
51 | 50.97} 1.78 ||50.96| 2.00 /50.95| 2.22 {150.91| 2.451 51 
5251.97) J.811'51.96| 2'04]/51.95| 2.27151.94] 2.50-| 62 
523152.97; 1.85 ]| 52.96] 2.08 152.95 |. 2.3] | 52.94) 2.54! 53] ' 
54} 53.97] 1.88 || 53.96] 2.12/153.95] 2.36 /53.94! 2.59) C4 
65 54.97] 1.921 54.96] 2.16 |] 54.95] 2.40 |/54.94! 2.64]! 55 
56 '95.97{ 1.95|| 55.96] 2.20/155.95| 2.44 ||/55.94} 2 69) 56 
57 | 56.97 1.99 | 56.94} 2.241156.95| 2.49 156.93) 2.73) 57 
58 157.96 | 2.02 /|57.96, 2.28 1157.94! 2.53 | 57.93 2.78 | 58 
59 158.96} 2.06 || 58.95] 2.32 /158.94/] 2.57 | 58.93] 2.83) 59 
60 |59.96| 2.09 || 59.95 2.36 || 59.94] 2.62 |59.93) 2.88) 60 
6160.96} 2.13]|/60.95| 2.39 |/60.94| 2.66 |,60.93, 2.93] 61 
62/61.96; 2.16]/61.98| 2.43 ]/61.941 2.70 |,/61.93| 2.97) 62 
63 | 62.96} 2.20]/62.95| 2.47 1162.94] 2.75 || 62.93) 3.02]. 63 
64 | 63.96 | 2.23]163.95| 2.511163.94!] 2.79 || 63.93] 3.07) 64 
65 | 64.96 | 2.27)|| 64.95| 2.55]/64.94| 2.84 ||64.93} 3.12] 65 
66 |65.96|} 2.30]/65.95| 2.59 /'65.94| 2.88 ||/65.92] 3.17] 66 
67 | 66.96 | 2.34]/66.95| 2.631166.94| 2.92 166.92} 3.21) 67 
68 | 67.96} 2.37] 67.95| 2.67||/67.94| 2.97 167.92} 3.26] 68 
69|68.96| 2.41]/68.95| 2.711/68.93| 3.01 }68.92/ 3.31 69 
70 | 69.96) 2.44/169.95 2.75 || 69.93 | 3.05 169.92] 3.36] 70 
71 | 70.96) 2.48] 70.95| 2.79] '70.93| 3.10] 70.92) 3.41 Pi 
Wey (be. 96: 2.5 (Ll. 941 2°83 we 93)| S244 I 71O2 |) Si.45)) ive 
730 $2296) 2.59 |) 72.94 BIST -72,93') 3.18 72.92 | “3.50: 73 
74) 13299) 2.58) (3.94) 2-91) 73.93) B.238h 73.9 B55 E74. 
75 | 74.95| 2.62]| 74.94] 2.94)|74.93| 3.27 ]| 74.91). 3.66 TD 
76!75.95) 2.65 | 75.94|° 2.98 ]|'75.93| 3.31 || 75.91| 3.65] 76 
77 | 76.95 | 2.6911 76.94) 3.02! 76.93] 3.36 76.91) 3.70) 77 
78 |77.95| 2.721 77.94| 3.06!) 77.93| 3.401] 77.91] 3.74) 78 
79 |78.95| 2.76 || 78.94| 3.10{|'78.92|} 3.45]| 78.91|°3.79| 79 
80 | 79.95] 2.79] 79.94| 3.14] 79.92} 3.49}|-79.91| 3.84] 80 
81 | 80.95} 2.83] 80.94] 3.18] 80.92) 3.53//80.91) 3.89) 81 
82/81.95| 2.86] 81.94] 3.22]81.92] 3.58]).81.91| 3.93] 82 
83 |°82.95) 2.90 || 82.94] 2.26 | 82.92] 3.62|| 82.90] 3.98/ R83 
84/ 83.95] 2.93 || 83.94! 3.30] 83.92| 3.66|| 83.90) 4.03] 84 
85 | 84.95] 2.97 || 84.93/ 3.34] 84.92) 3.71|| 84.90] 4.08] 85 
86 | 85.95] 3.00 || 85.93] 3.38 || 85.92] 3.75||/ 838 99| 4.13] 86 
87 | 86.95| 3.04] 86.93] 3.4211 86.92] 3.79|| 86.90, 4.17] 87 
88 | 87.95| 3.07 || 87.93] 3.45 ||87.92] 3.84|| 87.90) 4.22] 88 
89 / 88.95} 3.11 ]] 88.93) 3.49 ||/88.92] 3.88||83.90] 4.27) 89 
90 | 89.95| 3.14) 89.93| 3.53 189.91] 3.93 89.90 4.32] 90 
91 | 90.95] 3.18]| 90.93! 3.57] 90.91} 3.97||/ 90.90) 4.37) 91 
92 | 91.94) 3.21 ]/91.93] 3.61 |/91.91] 4.01]/ 91.839) 4.41 | 92 
93 | 92.94} 3.25 || 92.93; 3.65 || 92.91] 4.66 2.89} 4.46'| 93 
94 | $3.94] 3.28)|| 93.93} 3.69 93.91) 4.10]193.89| 4.51] 94 
G5 | 94.94] 3.321194.93) 3.73 |/94.91| 4.14|| 94.89] 4.56] 95 
96 |95.94| 3.35]1 95.93] 3.771195.91] 4.19]}95.89| 4.611 96 
97 |96.94| 3.39)/ 96.93) 3.81 ||96.91] 4.23]/96.89| 4.65! 97 
98 | 97.94) 3.42/197.92| 3.85 //97.91| 4.27]| 97.89] 4.791 99 
f 99/98.94] 3.46||98.$2] 3.89 |/98.91] 4.82||/98.89| 4.75) 99 
(1:00 | 99.94] 3.49 /|99.92] 3.93/|99.91| 4.36 |] 99.88 aw 80 | (00 
8 | Dep. | Lact. || Dep. | Lat. || Dep. | Lat. || Dep.| Lat. | 8 
is 88 Deg. 87; Deg 873 Deg. 874 Deg Q 
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TRAVERSE TABLE. 


ai 3 Deg 3}; Deg. 35 Deg. 3} Deg. | 2 
Sys S 
@ | Lat. | Dep. || Lat. | Dep. || Lat Dep Labpabep 8 

1} 1.00] 0.05|/ 1.00] 0.06} 1.00! 0.06) 1.001 0.06, i 
2} 2.00] 0.101-%.00] 0.11] 2.00: 0.12]| 2.00: 0723: 3 
3| 3.00] 0.16] 3.00] 0.17 || 2.99; 0.18]| 2:99: d.20' 3 
4] 3.99]-0.21]) 3.99] 0.23] 3.99] 0.24]) 3.99 0.26 3 
5| 4.99| 0.26|| 4.99] 0.28]] 4.99] 0.314 4.99] 0.33 4 
6| 5.99] 0.31] 5.99] 0.34]| 5.99! 0.37]] 5.99] 0.39, 6 
7| 6.99] 0.37] 6.99] 0.40|| 6.99] 0.43! 6.99] 0.46] 7 
8| 7.99| 0.42] 7.99] 0.45] 7.99; 0.49]| 7.98] O.f2| § 
9} 8.99}~0.47]] 8.99 oly 8.98] 0.55) 8.93] 0.5 9 
10/ 9.99} 0.52! 9.98] 0.57/| 9.98] 0.61] 9.98! 6.65] 10 
11;10.98| 0.5811 10.98| 0.62 ||10.98| 0.67||/10.98|] 0.72) 11 
2/11.98| 0.63]/ 11.98] 0.68 |/11.98] 0.73/111.97] 0.78! 12 
13/ 12.98] 0.68] 12.98] 0.73 ]]12.98| 0.79]| 12.97! 0.85| 13 
141 13.98] 0.731 13.98] 0.79 /13.97] 0.85]13.97] 0.92] 14 
1h 14.98] 0.79] 14.98] 0.85 |/14.97] 0.92]114.97] 0.98! 15 
16.15.98] 0.84] 15.97] 0.91 115.97] 0.98] 15.97] 1.05] 16 
17, 16.98) 0.89]/ 16.97] 0.96 ]16.97| 1.04]/16.96] 1.11] 17] 
18/17.98| 0.94117.97| 1.02 ]/17.97/ 1.101117.96! 1.18 a 
19} 18.98] 0.99] 18.97] 1.08 |}18.96] 1.16|/18.98/-1.24] 19 
20] 19.97] 1.05]} 19.97] 1.13 ]19.96] 1.22]/ 19.95] 1.31} 20) 
21/20.97/ 1.10] 20.97] 1.19 }20.96| 1.28]/ 20.96) 1.37] 21) 
22) 21.97] 1.15 121.96] 1.25 21.96] 1.34] 21.95] 1.44] 22] 
23} 22.97] 1.20|/ 22.96] 1.30 22.96] 1.40} 22.95] 1.50] 23) 
24/23.97| 1.261 23.96| 1.36 123.96] 1.471/23.95| 1.57) 24 
25!24.97| 1.31 124.96] 1.42 |/24.95| 1.53//24.95| 1.64] 25 
26 | 25.96) 1.36 ||25.96] 1.47 |'25.95| 1.59|/25.94| 1.70] 2 

27/ 26.96) 1.411 26.96] 1.53 26.95| 1.65!26.94| 1.77] 27 
28/27.96| 1.47 /27.95| 1.59 ||27.95| 1.71 ||27.94] 1.83; 28 
29 | 28.96] 1.52 |} 28.95] 1.64]/28.95| 1.77//28.94] 1.90) 29 
30 | 29.96] 1.57||29.95| 1.70]/29.94] 1.83]/29.94] 1.961 30 
31 | 30.96] 1.62 130.95] 1.76 30.94] 1.89 //30.931| 2.03) 31 
32); 31.96] 1.67] 31.95} 1.81 1/31.91! 1.951131.93] 2.091 32 
33 | 32.95] 1.73 132.95] 1.87 ]/32.94] 2.01- 32.93] 2.16] 32 
34 | 33.95| 1.78 133.95] 1.93 1/33.94! 2.081133.93] 2.2939] 34 
35|34.95| 1.83 134.94! 1.981/34.93] 2.141/34.92] 29.99] 35 
36 | 35.95} 1.83 ]1 35.94] 2.04 1/35.93| 2.20 1135.92] 2.35] 36 
37| 36.95] 1.941136.94| 2.10 /36.93] 2.26 | 36.92] 2.42] 37 
33} 37.95] 1.99] 37.94] 2.15137.93] 2.32 137.92] 2149] 38 
391 38.95] 2.04]138.94] 2.21//38.93] 2.38 1138.92] 2.55! 29 
40 | 39.95] 2.09 39.94] 2.27139.93! 2.44!139.911 2.62! 40 
41 | 40.94] 2.15 1140.93] 2.32] 40.92! 2.50 |40.91| 2.691 “Ay 
42|41.94] 2.20] 41.93] 2.38]/41.92| 2.561) 41.91} 2.75| 42 
43|42,94] 2.25] 42.93} 2.44 | 42.92! 9.63 /142.91| 2.81! 43 
441 43.94] 2.30 43.93] 2.49] 43.92, 2.69 || 43.91] 2.88) 41 
45| 44.94] 2.36 1144.93] 2.55'|44.92| 9.75 |144.90! 2.911 45 
46) 45.94] 2.41 ]145.93] 2.61|/45.91] 9.811145.90] 3.011 46 
47| 46.94] 2.46 146.92] 2.66]/46.91} 2.871 46.90! 3.07] 47 
48} 47.93) 2.51 147.92] 2.72]/47.91| 2.931 47.96 Bild] 4s 
49| 483.93) 2.56 | 48.92] 2.78 /148.91] 2.99 |/48.9¢| 3.20! 49 
50 |-49.93 | 2.62 ] 49.92] 2.83 49.91] 3.05] 49.89 | 3.27] 50 
8 Dep. | Lat. || Dep. | Lat Dep. | Lat. || Dep. | Lat S 
3 s S 
3 % 
a 87 Deg 86} Deg. 865 Deg. 863 Dez. A | 


ao 
= 


TRAVERSE TABLE. 79 
: SS 3 Deg. 3} Deg. 33 Deg. 2] Deg. u 
a 
s ae eres Deaton? 
2 3 | Lat. | Dep. || Lat. | Dep. |) Lat. | Dep. || Lat. | Dep 8 
= | ee 
5] ; 50.93) 2.€7 | 50.92] 2.89;50.$0| 3-11 ]]59.89|] 3.34) 51 
02.51.93] 2.72 of 92 2.95 |'51.90)] 3.17|/ 51.89] 3.40 
53 |52.93| 2.77 ||42.91] 3.00]/52.90| 3.24|/ 52.89] 3.47 
| 44 153.93| 2.83 || 53.91] 3.06|/53.90] 3.30/11 53.88] 3.53 
55 | 54.92 2.88 | 54.41] 3.12]/54.90| 3.36 || 54.88] 3.60 
5€ 55.92] 2.93 155.91) 3.17/155.90| 3.42) 55.88| 3.66 
57 56.92} 2.98] 56.91] 3.23]1/56.89] 3.48] 56.88! 3 73 
58 |57.92| 3.04]157.91| 3.291) 57.89| 3.54)157.88| 3.79 
59 58.92} 3.09//58.91); 3.34//58.89| 3.60|| 58.87] 3.86 
50 /59.92| 3.14 || 59.90} 3.40 ||59.89| 3.66) 59.87) 3.92 
61 60.92] 3.19 || 60.90] 3.46)/60.89| 3.72]| 60.87] 3.99 
62 | 61.92} 3.24],61.90| 3.51 ||61.88] 3.79]]/ 61.87] 4.05 
63 |62.91| 3.30162.90| 3.57]|/62.88| 3.85]|62.87] 4.12 
64 | 63.91; 3.35)| 63.90] 3.63 ||63.88| 3.91)/63.86] 4.19 
65 | 64.91] 3.40) 64.90| 3.69 ||64.88); 3.97] 64.86] 4.25 
66 165.91] 3.45 |/64.89| 3.74]|/ 65.88] 4.03)//65.86) 4.32 
$7 |66.91] 3.51 || 66.89] 3.80)|66.88| 4-091|66.86] 4.38 
68 |57.91| 3.56||67.89| 3.86 ||67.87| 4.15, 67.85] 4.45 
69 '}68.91! 3.61) 68.89 | 3.91 || 68.87] 4,21)||/68.85]| 4.51 
70 |69.90| 3.66 ||69.89| 3.97 || 69.87] 4.27)|69.85| 4.58 
71|70.90| 3.72)||70.89| 4.0311 70.87| 4.331|70.85| 4.64 
72|71.90) 3477] 71.88] 4.08 ]|'71.87| 4.401 71.85] 4.71 
73 | 72.90} 3.82)|| 72.88! 4.141||72.86| 4.46 || 72.84) 4.77 
74173.90| 3.87) 73.88 4.20 |) 73 86| 4.52) 73.84] 4.84 
75 |74.90| 3.93'| 74.88] 4.251; 74.86| 4.58 ||'74.84| 4.91 
76 | 75.90 | 3.98 | 75.88] 4.311} 75.86] 4.64 || 75.84] 4.97 
77|76.89| 4.03]| 76.88! 4.37/|76.86| 4.70 || 76.84| 5.04 
78 |77.89| 4.08] 77.87] 4.421|77.85| 4.76 ||'77.83| 5.10 
79 |78.89| 4.13]| 78.87] 4.48|' 78.85] 4.82] 78.83] 5.17 
80|79.89| 4.19|| 79.87| 4.54/||79.85| 4.88 || 79.83] 5.23 
81 |80.89| 4.24|| 80.87) 4.59 ||80.85| 4.94] 80.83) 5.30 
S 2|81.89| 4.29'| 81.87) 4.65)]|/81.85|] 5.01] 81.82) 5,386 
83 |82.89| 4.34]| 82.87] 4.71 ||82.85| 5.07 ||82.82| 5.43 
84/|83.88| 4.40|| 83.86) 4.76 ||/83.84] 5.13 || 83.82) 5.49 
85 | 84.88} 4.45] 84.86! 4.82 ]||/84.84|) 5.19 | 84.82] 5.56 
86 |85.88| 4.50|| 85.86] 4-88||/ 85.84! 5.25 |/85.82| 5.62 
87|86.88| 4.55] 86.86] 4.93/| 86.84] 5.31], 86.81) &.69 
88 | 87.88] 4.61|| 87.86; 4.99||87.84| 5.37|| 87.81, 5.76 
89 |88.88| 4.66|| 88.86! 5.05| 88.83) 5.43 || 88.81} 5.82 
90 |89.88} 4.71] 89.86] 5.10|/89.83! 5.49]/ 89.81] 6.89 
91 |90.88{; 4.76]|90.85| 5.16]/ 90.83) 5.56]/90.81] 5.95 
92 /91.87] 4.81]] 91.85} 5.221/91.83] 5.62 || 91.80! 6.02 
23 92.87] 4.87]| 92.85] 5.27||92.83| 5.68}/ 92.80) 6.08 
91|/93.87| 4.92]) 93.85] 5.33]/93.82] 5.74] 93.80] 6.15 
9£ 194.87] 4.97] 94.85; 5.39 || 94.82] 5.80/|/ 94.80] 6.21 
96 195.87] 5.02] 95.85; 5.44 |1/95.82! 5.86//95.79| 6.28 
§7'96.87| 5.08]| 96.84] 5 50||96.82| 5.92//96.79| 6.34 
98 . 
99 
100 
g 
a 
a 
2 
(a) 


TRAVERSE TABLE. 


; 1.00 
1.99 
; : 2.99 
' 3.991 0.28] 3.99] 0.30] 3.99 : 
| 4.99! 0,35|| 4.99] 0.37] 4.98| 0.39]) 4.98] 0.41 
5.99, 0,42 || 5.98] 0.44]) 5.98] 0.47]; 5.98} 0.50 
6.98| 0.49] 6.98] 0.52]; 6.99) 0.55]) 6.97; 0.58 
7.98| 0.56]] 7.98| 0.59] 7.98| 0.63]| 7.97] 0.66 
8.98! 0.63] 8.98] 0.67]| 8.97] 0.71 |] 8.97] 0.75 
10| 9.98} 0.70|| 9.97| 0.74]|) 9.97] 0.78]] 9,97} 0.83} 10 
11130.97) 0.77] 10.97| 0.821/10.97) 0.86]/10.96) 0.91] 11 
12] 11.97| 0.84]/ 11.97] 0.89]/ 11.96] 0.94]111.96| 0.99] 12 
13/12.97| 0.911 12.96| 0.96 /|12.96|} 1.02112.96| 1.08] 33 
14/13.87] 0.98] 13.96] 1.€4]|18.96] 1.10] 13.95] 1.16] 14 
15|14.96| 1.05//14.96] 1.11]' 14.95} 1.18]14.95] 1.24] 15 
16415.96| 1.121/15.961 1.19} 15.95| 1.26/|15.95! 1.32] 16 
17116.95| 1.1911 16.95| 1.26) 16.95) 1.33)}16.94] 1.41] 17 
18117.96} 1.26]17.95] 1.33 117.94] 1.41]}17.94| 1.49] 18 
19, 18.95! 1.3831/18.95| 1.40]}18.94] 1.49]}18.93} 1.57] 19 
20)19.95| 1.401)19.95| 1.48]119.94) 1.57]}19.93| 1.66} 20 
21 /20.95| 1.46] 20.94] 1.561 20.94| 1.651) 20.93) 1.74] 21 
22 |21.95] 1.53] 21.94) 1.63]/ 21.93] 1.73]121.92| 1.82] 22 
23 | 22.94] 1.60 || 22.94] 1.70] 22.93) 1.80]122.92| 1.90] 23 
24,123.94] 1.67 23.93] 1.78 123.93] 1.88]} 23.92] 1.99] 24 
25 124.94) 1.74 1124.93] 1.85 124.92) 1.9611 24.91] 2.07] 25 
26 |25.94| 1.81 1125.93] 1.93 | 25.92] 2.04]125.91] 2.15] 26 
27 | 26.93) 1.88 186.93} 2.00 26.92] 2.1211 26.91] 2.24} 27 
28 127.93) 1.95 |} 27.92] 2.08 | 27.91] 2.20]|27.90] 2.32] 28 
29 |28.93| 2.02 28.92! 2.15] 28.91] 2.28|/28.90| 2.40} 29 
30-|29.93| 2.09 || 29.92] 2.22] 29.91] 2.35 |} 29.90] 2.48] 36 
3130.92} 2.16 30.91) 2.30|/30.90! 2.43 |/30.89| 2.57, 31 
32 | 31.92) 2.23-1131.91| 2.37] 31.90) 2.51 1131.89! 2.65} 32 
33 | 32.92) 2.30 || 32.91) 2.45] 32.90] ~2.59|/32.89| 2.73] 33 
34.|33.92| 2.37] 33.91] 2.52|) 33.90] 2.67 1133.88] 2.82] 34 
35 |34.91| 2.44 1/34.90| 2.59 || 34.89] 2.75|/34.88| 2.90] 3 
36 | 35.91) 2.51 1/35.90) 2.67 | 35.89| 2.82 |/35.88] 2.98} 36 
37|36.91; 2.58 | 36.90) 2.74]/ 36.89] 2.90 1136.87] 3.06| 37 
383 |37.91| 2.65 || 37.90) 2.82 || 37.88| 2.98 |/37.87| 3.15] 38 
39 | 38.90 | 2.72 |) 38.89] 2.891 38.88] 3.06 |/38.87| 3.23] 3y 
40 | 39.90! 2.79 | 39.89] 2.96 || 39.88] 3.14]/39.86; 3.31] 40 
41|40.90| 2.86 || 40.89] 3.04]| 40.87) 3.22 ]140.86| 3.40] "a7 
2 41.95) &.8o}41.88| 3.11]) 41.87] 3.307|/ 41.86) 3.48] 42 
43 ,42.90| 3.00 || 42.88] 3.19]| 42.87) 3.37 {| 42.85] 3.56] 45 
44/43.89) 3.07 )/43.88| 3.261 43.86) 3.45|/43.85| 3.64! 44 
46 | 44.89) 3.141144.88| 3.33] 44.86] 3.53//44.85{ 3.73] 43 
46 |45.89| 3.21 /45.87) 3.41]| 45.S€] 3.611/45.84] 3.81] 46 
47 46.89' 3.28 |/46.87| 3.4811 46.86 | 3.69 ||46.84| 3.89] 47 
48 47.88| 3.35 |/47.87| 3.5611 47.85| 3.77 ||47.84| 3.97) 43 
49| 48.88; 3.42 |/48.87| 3.63) 48.85| 3.84]/48.83) 4.06| 4a 
50 | 49.88! 3.49) 49.86] 3.71] 49.85] 3.9211 49.83| 4.14] sa 
8 | Dep. | Lat. |) Dep. | Lat. || Dep. | Lat. Dep. | Tat. |) 2 
a a 
% : 
Aa 86 Deg 853 Deg. 651 Dog. | 854 Deg. fa 
I 


TRAVERSE TABLE. 


51 | 50.88] 3.56 | 50.86| 3.78 150.84] 4.00 50.82) 4.22; 51} 
52/51.67) 3.63 | 51.86] 3.85 151.84 4.08] 51.82] 4.31] 42 
53/52.87! 3.70 152.85] 3.93 52.84] 4.16 /|52.82] 4.39] 52 
54/53.87| 3.77 ||/53.85] 4.00 |153.83] 4.24 53.81} 4.47] 54 
55 154.87) 3.84]/54.85| 4.08 || 54.83! 4.32 54.81} 4.55] 55 
56 | 55.86 | 3.91 ||/55.85| 4.15 55.83] 4.39 )/55.81] 4.64] 56 
57 |56.86| 3.98 | 56.84] 4.22 156.82] 4.47 56.80] 4.72] 57} 
53 |57.86] 4.05 |/57.84] 4.30 157.82) 4.55157 80 4.30] 86 
59/58.86| 4.12|/58.84] 4.37 ||58.82 4.63 || 58.80] 4.89] 59} 
60 | 59.85 | 4.19 |/59.84] 4.45 159.82] 4.71 59.79 | 4.97] 60 
61/60.85! 4.26 | 60.83| 4.52 |/60.81| 4.79 | 60.79 5.05} 61] 
62 |61.85| 4.32] 61.83| 4.59 /61.81| 4.86 || 61.79 5.13] 62] 
63 | 62-85 | 4.39 || 62.83] 4.67 ||62.81| 4.94] 62.78 5.221, 63 
64/ 63.84} 4.46 |/63.82! 4.74 |163.80] 5.02 || 63.78 5.30] 64] 
65 | 64.84] 4.53 | 64.82] 4.82 164.80, 5.10]| 64.78] 5.38 65} 
66 | 65.84| 4.60] 65.82] 4.89 /65.80| 5.18|/65.77| 5.47 66 | 
67) 66.84; 4.67 || 66.82] 4.97 ||66.79| 5.26 || 66.77| 5.55 67 
68|67.83| 4.74] 67.81] 5.04 1167.79} 5.34|167.77| 5.63 68 | 
69/ 68.83] 4.81] 68.81] 5.11 ]/68.79| 5.41]/68.76| 5.71] 69 
70 | 69.83/ 4.88 | 69.81] 5.19 /69.78| 5.49||69.76] 5.80| 70] 
71 | 70.83| 4.95 || 70.80| 5.261170.78| 5.57||70.76| 5.88| 71 
72 | 71.82} 5.02] 71.80} 5:34 |171.78} 5.65] 71.75| 5.96 72 | 
73 | 72.82] 5.09] 72.80] 5.41|172.77| 5.73 ||'72.75| 6.04] 73 
14 | 73.82| 5.16 }) 73.80] 5.4811 73.77| 5.811 73.75| 6.13] 74] 
75 | 74.82) 5.23||74.79! 5.56] 74.77] 5.88 || 74.74 6.21} 75} 
76 | 75.81} 5.30||75.79| 5.63||75.77| 5.961'75.74| 6.29] 76] 
77 | 76.81} 5.37|/76.79| 5.71||76.76| 6.04] 76.74! 6.38] 77 
08) 77.81| 5.44 177.79! 5.78||77.76| 6.121 77.731 6.48] 78} 
79 | 78.81| 5.51 //'78.781 5.85||78.76| 6.20]|78.73| 6.54! 79] 
8079.81] 5.58 || 79.78| 5.93// 79.75! 6.28|179.73| 6.62 8o| 
81 |80.80| 5.65 }/80.78| 6.00||80.75| 6.36 ]/80.72| 6.711 81 
82 | 81.80) 5.72 |/81.78| 6.08] 81.75] 6.43]/81.72] 6.79] 82 
83 | 82.80/ 5.79 || 82.77] 6.15|/82.74| 6.51||82.71| 6.87 83 
3. 5.86 || 83.77] 6.23 ]/ 83.74] 6.591|/83.71| 6.96] 84 

2 5.93 || 84.77| 6.30 || 84.74] 6.67]|84.71| 7.04] 85 

6.00 | 85.76 | 6.37) 85.73] 6.75 1185.70] 7.12] 86 

6.07 | 86.76 | 6.45 || 86.73] 6.83]|186.70} 7.20] 87 

6.14 | 87.76] 6.52|| 87.73} 6.90]| 87.70! 7.29] 88 

6.21 || 88.76} 6.60|| 88.73] 6.98/|88.70| 7.37] 89 

6.28 | 89.75 | 6.67|| 89.72] 7.06 ||89.69| 7.45! 90 

6.35 | 90.75] 6.74]||90.72| 7.14]/90.69| 7.54] 91 

6.42 |/91.75| 6.82||91.72| 7.22|/91.68| 7.62] v2 

6.49 || 92.74) 6.89 || 92.71] 7.30]/92.68|} 7.70] 93 

6.56 | 93.74) 6.97]|| 93.71] 7.38 || 93.68! 7.78] 94 

6.63 | 94.74| 7.04|| 94.71] 7.45||94.67| 7.87} 95 

6.70 || 95.74] 7.11|/ 95.70] 7.53|/95.67] 7.951) 96 

6.77 || 96.73] 7.19] 96.70) 7.61 ]|96.67| 8.03) 97 

6.84 | 97.73] 7.26]/97.70| 7.69 }197.66| 8.12] 98 

6.91 || 98.73] 7.34] 98.69] 7.77], 98.66] 8.20] 99 

6.98 | 99.73] 7.41 || 39.69! 7.85]|/ 99.66] 8.28) 190 

Lat. || Dep. | Lat. || Dep. | Lat. |) Dep. | Lat g 

a “ E 

a 

86 Deg. | 85} Deg, 85} Deg. || 85} Deg. a 
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TRAVERSE TABLE. 


vy] 5 Deg 5} Deg 53 Deg. 5} Deg. -y 
a : B 
3 | | £ 
2 | Lat. | Dep Lat. | Dep Lat. | Dep. || Lat. | Dep. | $ 
“Tl -1,00}-0209| 21.00) 0.03 12 1-00 | 70.10] -G.99)"Orse* 1 
2| 1.99/ 0.17|| 1.99] 0.18] 1.99] 0.19]} 1.99} O.c0: 2 
5 2.994 0526|| 2.99% 0:97 i] (2.99. 0.29 || 2.98] 0. spd 23 
4| 3.98] 0.351] 3.98] 0.37]|| 3.98] 0.38 )] 3.98! 0.40] 4 
5 | 4.98] 0.44|| 4.98] 0.46 ]| 4.98] 0.48 || 4.97; 9.50) 5 
G6) 5:981.0.52|| 5.97] 0.55 || 5.97] 0.58 || 5.97] 0.60} 6 
7; 6.97| 0.61] 6.97] 0.64]| 6.97] 0.67]] 6.96] 0.70) 7 
ai 7.97}-0.70]] 7.97] 0.73 || 7.96] 0.76]| 7.96] 0.80} 8 
9 8.97] 0.78]; 8.96] 0.82 || 8 96] 0.86 || 8.95] 0.90; 9 
10| 9.961 0.87] 9.96} 0.92 ]/ 9.95] 0.96 || 9.95] 1.00) i0 
11|10.96] 0.961 10.95] 1.01 10.95] 1.05) 10.94] 1.10 
12/11.95]| 1.05 |} 11.95; 1.10 }11.94] 1.15] 11.94] 1.20 

13} 12.95] 1.13]] 12.95] 1.19 }}12.94] 1.25] 12.93] 1.30 

14| 13.95] 1.22]/ 13.94] 1.28 113.94] 1.34] 13.93] 1.40 
15|14.94] 1.31] 14.94] 1.37 |) 14.93] 1.44 ]/ 14.92], 1.50 

16) 15.94] 1.39] 15.93] 1.46 115.93] 1.53]/ 15.92] 1.60 

17; 16.94] 1.48] 16.93] 1.56 }16.92) 1.63 || 16.91] 1.70 

18} 17.93] 1.57) 17.92] 1.65] 17.92] 1.73] 17.911 1.80 

19 | 18.93,| 1.66] 18:92}~1.74. 118.911 1.82 18.90, 1.90 

20] 19.92] 1.741 19.92] 1/83 1119.91] 1.921 19.90] 2.00 

21 | 20.92) 1.83) 20.91] 1.92 |/20.90] 2.01 || 20.89] 2.10 

22 | 21.92) 1.92)/ 21.91} 2.91 /21.90| 2.11] 21.89) 2.20 

23 | 22.91] 2.00} 22.90] 2.10 | 22.89] 2.20] 22.88] 2.30 

24; 23.91] 2.09) 23.90] 2.20 || 23.89] 2.30 || 23.88] 2.40 

25 | 24.90] 2.18 24.90] 2.29 124.88] 2.40 |] 24.87] 2.50 

26 | 25.90] 2.27 | 25.89| 2.38 1125.88] 2.49 || 25.87] 2.60 
27|26.90| 2.35 26.89) 2.47126.88] 2.59 || 26.86] 2.71 

28 | 27.89! 2.44 127.88] 2.56 || 27.87] 2.68 || 27.86] 2.81 

29 | 28.89| 2.53 || 28.88 | -2.65 |] 28.87] 2.78 28.85] 2.91 

30 | 29.89| 2.61 |} 29.87) 2.75 || 29.86] 2.88 |) 29.85| 3.01 

31 | 30.88| 2.70 | 30.87| 2.84]/ 30.86] 2.97] 30.84) 3.11 

32 | 31.88 | 2.79 31.87] 2.93 || 31.85| 3:07 1131.84] 3.21 

33 | 32.87] 2.88 ||/32.86| 3.02]/ 32.85] 3.16 || 32.83] 3.31 

34 | 33.87| 2.96 33.86] 3.11) 33.84] 3.26 || 33.83] 3.41 

35 | 34.87| 3.05 |134.85| 3.20} 34.84] 3.35 || 34.82] 3.51 

36 | 35.86. 3.14 1135.85] 3.29] 35.83| 3.45 35.82] 3.61 

37 | 36.86 | 3.22 |/36.84] 3.39] 36.83] 3.55 1136.81| 3.71 

38 | 37.86] 3.31 ||37.84] 3.48 ]137.83| 3.641 37.81] 3.81 

39 | 38.85] 3.40 ||38.84| 3.57] 38.82] 3.741138.80| 3.91 

40 | 39.85] 3.49 |[39.83| 3.66 || 39.82| 3.83]139.80) 4.01 

41 140.84) 3.57 |/40.83| 3.75 || 40.81 | 3.93 || 40.79| 4.11 
42|41.84] 3.66 ]}41.82] 3.84]/41.81] 4.03 |] 41.79) 4.21 

43 | 42.84] 3.75 || 42.82] 3.93 || 42.80] 4.12 || 42.78] 4.31 

44 |43.83| 3.83 |/43.82] 4.031) 43.80] 4.22]/43.78| 4.41 

45 | 44.83] 3.92 |/44.81| 4.12]| 44.79]. 4.31 || 44.77] 4.51 
46)45.82| 4.01 }45.81) 4.2111 45.79| 4.41 1145.77] 4.61 

47| 46.82) 4.10 1146.80] 4.301 46.78] 4.501 46.76| 4.71 
43|47.82) 4.18 |/47.80] 4.39]147.78| 4.601 47.76] 4.81 
4948.81] 4.27 |/48,79| 4.48 || 48.77] 4.7011 48.75| 4.91 
501 49.81) 4.36 149.79] 4.58 1149.77] 4.7911 49.75| 5.01 
3. Dop. | Lat. |} Dep. | Wat. || Dep. | Lat. |} Dep. | Lat 

5 sete | aS 

n 

4 85 Deg. 843 Deg 841 De 84} Deg 


TRAVERSE TALE. 


ies) 
C3 


i) 5 Deg. 54 Deg. 54 Deg. 53 Deg. | S | 
@Q mn 
e —|—___ --|8 
8 Lat. | Dep Lat Dep Lat. | Dep Lat Dep. g 
51]50.81| 4.44||50.79 | 4.67]/50.77| 4.89] 50 74| 5.11) 51 
52| 51.80} 4.531|/51.78| 4.76 |151.76| 4.98/51 74] 5.21! 52 
63|52.80) 4.62||52.78| 4.85 ||52.76| 5.08 || 52.73! 5.31] 53 
54'53.79: 4.71153.77| 4.94153.75|] 5.181153 73) 5.41 | 54 
55 | 54.79] 4.79 || 54.77 | 5.03 |/54.75| 5.27 || 54.72] 5.51] 65 
56| 55.79; 4.88||55.77] 5.12 |155.74| 5.371 55.72) 5.61] 561 
57; 56.78| 4.97||56.76 | 5.22/1/56.74) 5.46] 56.71 5.71! 57 
68 157.78; 5.06||57.76| 5.31 || 57.73| 5.56||57.71| 5.81; 58 
59|58.78| 5.14|/58.75! 5.40//58.73|] 5.65!/58,70| 5.91: 59 
60 | 59.77! 5.23 || 59.75] 5.49 || 59.72] 5.75] 59.70} 6.01} 60 
61 )60.77| 5.32]|60.74| 5.58 || 60.72] 5.851/60.69| 6.11, 61 
5. 61.74). 5,67.|| 61.74 61.69 | 6.21] 62 
5. 62.741 5.76 || 62.71 62.68] 6.31] 63 
5; 63.73 5.86 163571 63.68! 6.41] 64 
5 64.73] 5.95 || 64.70 64.67] 6.51] 65 
5a 65.72} 6.04 || 65.70 65.67] 6.61] 66 
5. 66.72! 6.13 || 66.69 66.66] 6.71) 67 
5: 67.71 | 6.22 || 67.69 67.66] 6.81] 68 
6 68.71] 6.31 || 68.68 68.65 694 
6. 69.71} 6.41 || 69.68 69.65 ‘5 70 | 
70.64 : ‘ 
71.64 y 
W2203 
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84 TRAV?TRSE TABLE. 
| 
Ss oS 
2 z 
ey = 
@ } + 
“1 | 0,99} 0.10|| 9.99] 0.11||0.99| 0.11! 0.99 OFi2 ta 
2' 1 99/ 0.21] 1.99] 0.22]| 1.99! 0.23|| 1199] 0241 2 
3; 2 98] 0.31|| 2.98] 0.33] 2.98] 0.341} 2.98) 035' 3 
4° 398} 9.41] 3.98; 0 44|| 3.97] 0.45|| 3.97]..0.47} 4 
5| 4.97] 0.52|| 4.97] 3.54]] 4.97/ 0.57]| 4.97) 9.591 & 
6| 5.97] 0.63] 5.96) 0.65|) 5.96: 0.68|| 3:96! 0.71| 6 
7; 6.96) 0.73|| 6.96] 0.76 6.96! 0.79] 6.95! 0.82! 7 
8! 7.96] 0.84]/ 7.95] 0.87]| 7.95; 0.91]! 7.94] 0.941 & 
9; 8.95}-0.94') 8.95) 0.98] 8.94! 1.02]| 8.94] 1.061 9 
10} 9.95] 1,05 || 9.94) 1.09] 9.94] 1.13]/ 9.93! 1.18! 10 
11 | 10.94 |" 1.15 || 10.93 |" 7.20 || 10.93; 1.25 |/10.92| 1.99! i] 
12} 11.93} 1.25]/11.93] 1.31] 11.92] 1.361]11.92| 1.471 12 
13]}12.93] 1.36 |/12.92] 1.42]) 12.92] 1.47]/12.91! 1.53, 13 
14] 13.92} 1.46]1/13.92] 1.52] 13.91] 1.59]/ 13.90! 1.65/| 14 
15 | 14.92] 1.57] 14.91] 1.63]/ 14.90] 1.70] 14.90] 1.76) 15 
16|15.91| 1.67|115.90! 1.74] 15.90] 1.811] 15.89] 1.88: 16 
17]}16.91| 1.78 |/16.90] 1.85]|16.89| 1.92] 16.88! 2 00) 17 
18/17.90] 1.88] 17.89] 1.96] 17.88}; 2.04||17.88! 9.79! 18 
19 | 18.90 | 1.99] 18.89] 2.07] 18.88| 2.15] 18.87]>9.23| 19 
20 |19.89] 2.09]/ 19.88] 2.18] 19.87] 2.26|119.86| 2.35 | 20 
21 | 20.88 | 2.20 || 20.88 | 2.29]| 20.87 | 2.38 ||/20.85| 2.47! 21 
22 | 21.88 | 2.30//21.87) 2.40|/ 21.86] 2.49|/21.85| 2.59] 99 
23 | 22.87] 2.40) 22.86] 2.50 || 22.85] 2.60|| 22.84] 9.70] 93 
24| 23.87 | 2.5111 23.86] 2.61] 23.85] 2.72 !'93.83] 9189| 2 
25 | 24.86 | 2.611 24.85] 2.72]| 24.84! 2.83 ||294.83] 9194] 95 
26 | 25.86} 2.72 | 25.85] 2.83|/ 25.83] 2.94]/25.82| 3.061 2 
27) 26.85] 2.821 26.84] 2.94!26.83] 3.06 1/26.81| 3.171 27 
28 | 27.85 | 2.93 |1 27.83] 3.05 || 27.82] 3.17/127.81| 3.29| 98 
29 | 28.84 | 3.03]| 28.83) 3.16 |/28.81] 3.28 ]/98.80| 3.41 | 2 
30 | 29.84] 3.14 || 29.82] 3.27]/29.81| 3.40 |/29.79| 3.53) 30 
31 | 30.83 | 3.24 | 30.82] 3.37 | 30.80| 3.51 |/380.79| 3.641 31 
32131 82| 3.24]/31.81] 3.48 |131.79| 3.62 //31.78| 3.761 32 
33 | 32.82] 3.45 | 32.80] 3.59 || 32.79| 3.741/32.77| 3.88] 33 
34 | 33.81) 3.55] 33.30] 3.70} 33.78| 3.85 1133.76] 4.00| 34 
35 | 34.81] 3.66 || 34.79] 3.81 |/34.78| 3.96 |l34.76| 4.11] 35 
; 36 | 35.80) 3.76] 35.79| 3.92] 35.77| 4.08 ||35.75| 4.23] 36 
37 | 36.80) 3.87] 36.78 | 4.03] 36.76 | 4.19 |136.75| 4.351 37 
38 | 37.79 | 3.97 || 37.77] 4.14 || 37.76| 4.30 ||37.74| 4.47] 38 
39 | 38.79 | 4.08] 38.77] 4.25 |138.75| 4.41 |188.73| 4.581 39 
40 | 39.78 | 4.18] 39.76| 4.35 |) 39.74] 4.53 ||39.72| 4:70! 40 
41|40.78| 4.291 40.761 4 46] 40.74| 4.64 |/40.72| 4.821 4] 
42/41.77| 4.39) 41.75) 4.57|)41.73| 4.76 ||41.71| 4.94) 49 
43] 42.76) 4.49) 42.74) 4.68] 42.72] 4.87 ||42170! 5.05) 43 
44) 43,76 | 4.60|/ 43.74) 4.79 | 43.72! 4.98 |143.70| 5.17! 44 
45 144,75 | 4.70) 44.73] 4.90 }'44.71|°5.09||44.69| 5.991 45 
4645.75 | 4.81|/ 45.73] 5.01|/ 45.70] 5.21 1145.68| 5.41. 46 
47) 46.74] 4.91] 46.72) 5.12// 46.70] 5.92 146.671 5 52: > 
4847.74) 5.02] 47.71) 5.23| 47.69! 5.43 /147.67| 5.64/49 
42 | 48.73) 5.12] 48.71} 5.34] 48.69/ 5.55 ||48.66| 5.761 49 
60 | 49.73 |_5.231/49.70| 5.441 49.68] 5.66|/49.65! 5,88) 50 
g Dep. | Lat. |" Dep. | Lat. || Dep. | Lat. Dep. | Hat.) § 
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- 
iS) | 6 Deg. 64 Deg. . 6} Deg | 63 Dey. Q 
ay it 
E rae en eee 
8 Lat. | Dep. || Lat. | Dep. || Jat. | Dep. || Lat. | Dep. 8 
51.50.72] 5.33|/50.70| 5.55)|50.67;, 5.77|16%.65| 5,99] 51 
52 51.72! 5.44/'51.69| 5.66/151.671 5.89)/61.64! 6.11 
53 52.71 | 5.54)/52.68| 5.77 52.66 | 6.00 |) 52.63] 6.22 
54 (53.70; 5.64 || 53.68) 5.881|/53.65! 6.12 || 53.63) 6.35 
55 | 54.70] 5.75 | 54.67] 5.99|/54.65| 6-83) 54.621 6.46 
56 | 55.69] 5.85 1155.67] 6.10||55.64' 6 341) 55.61| 6.58 
57 | 56.69| 5.96 156.66| 6.21 ]/ 56.63) 5.25 || 56.60] 6.70 
58 | 57.68 | 6.06 || 57.66] 6.31 || 57.63] 6-57|| 57.60) 6.82 
59/158.68/ 6.17] 58.65! 6.421159.62] 6-68}|58.59| 6.93 

_60 | 59.67 | 6.27) 59.64] 6.523]'59.61| 6-79 || 59.68] 7.05 
61|60.67] 6.38] 60.64) 6.64/'50.61| 6.91]| 60.58) 7.17 
62 |61.66| 6.48 |/61.63| 6.78{/ 61.60] 7.02)/ 61.57) 7.29 
63 | 62.65) 6.59 || 62.63) 6.86 |162.60| 7.13]}62.56| 7.40 
64 |63.65] 6.69 ||63.62| 6.97 1/63.59| 7.25/||63.56| 7.52 
65 | 64.64| 6.79 ||64.61| 7.08 |1/$4.58| 7.36||64.55! 7.64 
66 165.64] 6.90|/65.61| 7 191165.58| 7.47|| 65.54] 7.76 
67 |66.63| 7.00] 66.60! 7.291166.57) 7 58]/66.54) 7.88 
68 | 67.63] 7.11] 67.60| 7.40]|67.56) 7.70]/ 67.53] 7.99 
69 |68.62| 7.21]/68.59| 7.51]/68.56| 7.81/|/ 68.52); 8.11 
70 |69.62| 7.32 ]/69.58| 7.621/169.55| 7.92|/69.51] 8.23 
71|70.61| 7.42] 70.58] 7.73 |, 70.54] 8.04]| 70.51) 8.35 
2|)71.61| 7.63) 71.57| 7.841'71.54| 8.15||71.50| 8.46 
73 | 72.60 | 7.63) 72.57) 7.95 || 72.53] 8.26 || 72.49] 8.58 
74 |73.59| 7.74) 73.56) 8.06 || 73.52] °8,38 1 73.49| 8.70 
75 |74.59| 7.84) '74.55| 8.17|| 74.52] 8.49 || 74.48) 8.82 
76 |'75 58) 7.941 75.55) 8.271|'75.51! 8.60], 75.47) 8.93 
77 | 76.58 | 8.05|| 76.54) 8.38]||'76.51| 8.72 || 76.47) 9.05 
78 |77.57| 8.15] 77.54) 8.49 || 77.50] 8.83 ]|'77.46|) 9.17 
79 | 78.57| 8.26]|'78.53| 8.60 || 78.49} 8.941) 78.45| 9.29 
80|79.56| 8.36]| 79.53] 8.71 || 79.49! 9.06 | 79.45 9.40 
8180.56) 8.47] 80.52| 8.82// 80.48) 9.17], 80.44) 9.52 
82|81.55] 8.57] 81.51| 8.93 || 81.47] 9.26 |/81.43| 9.64 
83 |82 55! 8.68]| 82.51] 9.04/| 82.47] 9.40 )' 82.42] 9.76 
84 | 83.54; 8.787 83.50| 9.14//83.46| 9.51 || 83.42] 9.87 
85 |84.53| 8.881 84.50] 9.25 )||84.45| 9.62|/84.41] 9.99 
86 | 85.53 | 8.99) 85.49] 9.36|/85.45| 9.74 |/85.40110.11 
87 | 86.52| 9.09|| 86.48! 9.47 || 86.44] 9.85 || 86.40) 10.23 
88 | 87.52| 9.20) 87.48] 9.58 ||/87.43] 9.96 || 87.39 | 10.34 
89 | 88.51) 9.30]| 88.47] 9.69 ||88.43] 10.08 || 88.38 | 10.46 
90 |89.51| 9.41]| 89.47} 9.80 || 89.42 10.19 || 89.38 | 10.58 
91} 90.50) 9.511) 90.46] 9.91 || 90.42 | 10.30 |! 90.37 | 10.70 
92 91.50] 9.62}| 91.45} 10.02 || 91.41) 10.41 91.36 | 10.81 
93 |92.49| 9.72); 92.45] 10.12 |) 92.40} 10.53 || 92.36 | 10.93 

: 8F 93.40 | 10.64 || 93.34 | 11.05 
94.39 | 10.75 || 94.34) .1.17 
95.38 | 10.87 || 95.33 | 11.28 
96.38 | 10.98 |! 96.33 | 11.40 
97.37 | 11.09 || 97.32 | 71.52 
98.36 | 11.21 || 98.31 | 11.64 
99.36 | 11.32 || 99.31 | 21.75 
Dep. | Lat. |} Dep. | Lat. 
834 Deg. 834 Deg. 
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= 7 Deg. 74 Deg. 73 Deg 7} Deg. | S 

Bf ——__f ——_____||-—_____ -| & 
| Lat. | Dep. || Lat. Dep. | Lat. | Dep. |} Lat. | Dep. | 8 
1|-0.99| 0.12||_0.99| 0.13|/ 0.99| 0.13]] 0.99] 0.13; 4 

2\ 1.99, 0.24|| 1.98] 0.25|| 1.98| 0.26]) 1.98] 0.27| 2 

3/ 2.98] 0.37] 2.98] 0.38 2.97] 0.39!) 2.97] 0.40! 8 

4| 3.97| 0.49! 3.97] 0.50 || 3.97| 0.52] 3.96] 0.54, 4 

5| 4.96! 0.61|| 4.96 0.63 | 4.96| 0.65|| 4.95| 0.67| 5 

6| 5.96| 0.73|| 5.95| 0.76|| 5.95| 0.78]| 5.95] 0.81] 6 

7| 6.95] 0.85|| 6.94] 0.88 || 6.94] 0.91]| 6.94] 0.94] 7 

8| 7.94]-0.97| 7.94] 1.01 || 7.93] 1.04]] 7.93] 1.08] 8 

9} 8.93] 1.10|| 8.93] 1.14|| 8.92] 1.17]] 8.92] 1.21] 9 

10| 9.93] 1.22|| 9.92] 1.26 |} 9.91] 1.31|| 9.91] 1.35] 10 
11!10.92) 1.34]) 10.91] 1.39]/10.91| 1.44||10.90| 1.48) 11 
12/41.91] 1.46] 11.90] 1.51 |/11.90] 1.57] 11.89] 1.62] 12 
13/}12.80] 1.58|| 12.90] 1.64 |/12.89] 1.70|/12.88| 1.75] 13 
14|13.90] 1.71] 13.89] 1.77]||13.88] 1.83 |} 13.87] 1.89] 14 
15| 14.89] 1.83] 14.88] 1.89 |14.87| 1.96 || 14.86] 2.02] 15 
16|15.88] 1.95|| 15.87] 2.02 ||15.86] 2.09 |/15.85| 2.16! 16 
17| 16.87] 2.07] 16.86] 2.15 || 16.85) 2.22 || 16.84] 2.29] 17 
18|17.87) 2.19] 17.86] 2.27]|17.85| 2.35 ||17.84| 2.43] 18 
19| 18.86] 2.32) 18.85| 2.40] 18.84] 2.48||18.83| 2.56] 19 
20/19.85| 2.44|/ 19.84] 2.52 /19.83| 2.61 | 19.82| 2.70] 20 
“21 / 20.84] 2.56|| 20.83] 2.65 20.82] 2.74||20.81| 2.83] 21 
22 /21.84| 2.68|| 21.82| 2.78 121.81] 2.87] 21.80] 2.97] 22 
23 | 22.83) 2.80 || 22.82] 2.90 | 22.80] 3.00 || 22.79] 3.10] 23 
; 2. i 3.03 || 23.79 | 3.13 || 23.78! 3.24] 24 

3. 3.15 24.79 | 3.26 || 24.77| 3.37] 25 

. 3.28 || 25.78| 3.39 || 25.76| 3.51 | 26 

: 3.41 126.77| 3.521 26.75| 3.64| 27 

3.53 || 27.76| 3.65 | 27.74] 3.78 | 28 

3.66 || 28.75| 3.79 | 28.74| 3.91] 29 

3.79 || 29.74| 3 92]/29.73| 4.05| 30 

3.91 || 30.73 | 4.05)|30.72| 4.18] 31 

4,04 |/31.73} 4.18 ||31.71| 4.32) 32 

4.16 ||/32.72| 4.31 |/32.70| 4.45] 33 

4.29 ||33.71| 4.44 || 33.69] 4.58) 34 

4.42 |34.70| 4.57 || 34.68] 4.72| 35 

4.541 35.69) 4.70 || 35.67] 4.85| 36 

4.67 || 36.68] 4.83 ||36.66| 4.99| 37 

4.80 || 37.67| 4.96 ||37.65| 5.12| 38 

4.92 || 38.671 5.09 |/38.64) 5.261 39 

5.05 || 39.66 | 5.22 | 39.63] 5.39) 40 

5.17 || 40.65! 5.35 || 40.63! 6.53| 41 

5.30 || 41.64 | 5.48 || 41.62| 5.66, 42 

5.43 || 49.63 | 5.61 || 42.61! 5.80| 43 

5.55 ||43.62| 5.741143.60| 5.93| 44 

5.68 || 44.62 | 5.87] 44.59| 6.07) 45 

5.81|/45.61| 6.00)/45.58| 6.20, 46 

5.93 146.60 | 6.13) 46.57); 6.34| 47 

6.06 |] 47.59 | 6.27 || 47.561 6.47] 48 

6.18 || 48.58 | 6.40||48.55| 6.61] 49 

6.31 | 49.57 | 6.531 49.54| 6.74] 50 

Dep. | Lat. | Dep. | Lat. ; 8 
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= 7 Deg 74 Deg 73 Deg. 7% Deg. o 
: — —| = 
3 | Lat. | Dep. || Lat. | Dep. || Lat. Dep. || Lat. | Dep g 
‘BI / 50.62) 6.22|/50.59| 6.47 |B B6| 6.66] 50.53| 6.88 | “Sif 
52/51.61; 6.34]/51.58| 6.561151.56! 6.791] 51.531 7.0L! 33 
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TRAVERSE TABLE 


a= 
= | 84 Deg. 

S : 

S| Lat. | Dep Lat. | Dep. ||. Lat. | Dep. |) Lat. Dep. ; 8 
51|50.50| 7.10 50.47 | 7.32 50.44 | 7.54'/50.41| 7.76] 51 
52)51.49| 7.24) 51.46| 7.46 151.43] 7.69 /51.39| 7.91] 52 
53 |52.48) 7.38 | 52.45| 7.61 1152.42] 7.83 1152.38] 8.06] 53 
541 53.47| 7.52 || 53.44, 7.75 ||53.41| 7.98 53.37] 8.21] 54 

2 | 54.46! 7.65 || 54.43] 7.89 || 54.40] 8.13)|| 54.36] 8.37) 55 
96 |55.46| 7.79 55.42) 8.04 1155.38] 8.28/155.35| 8.52] 56 
57| 56.45] 7.93 |/56.41| 8.18 ||56.37| 8.43)/56.34| 8.67] 57 
58|57.44| 8.07 | 57.4 8.32 157.36 | 8-57) 57.32] 8.82) 58 
59 | 58.43] 8.21 | 58.29] 8.47 1158.35] 38.72 |/ 58.31] 8.98] 59 
60 59.42 | 8.35 || 59.38} 8.61 |}59.34| 8.87/'59.30! 9.13] 60 
61|60.41| 8.49 | 60.37| 8.75 |/60.33| 9.02] 60.29| 9.28| 61 
62|61.40} 8.63} 61.36] 8.90 61.32] 9.16]/ 61.28] 9.43] 62 
63 | 62.39 | 8.77 || 62.35| 9.04 |/62.31] 9.31 162.27] 9.58] 63 
64) 63.38} 8.91 | 63.34] 9.18 |/63.30] 9.46 || 63.26) 9.74) 64 
65 | 64.37] 9.05 | 64.33! 9.33 || 64.29] 9.61]|64.24] 9.89] 65 
66 | 65.36] 9.19 || 65.32] 9.47 |'65.28| 9.76 || 65.23] 10.04] 66 
67| 66.35] 9.32 || 66.31] 9.61 66.26] $.90]/ 66.22) 10.19] 67 
68 | 67.34] 9.46 || 67.30] 9.76 ||67.25 | 10.05 || 67.21] 10.34) 68 
69 | 68.33] 9.60] 68.29) 9.90 || 68.24] 19.20 |! 68.20) 10.50! 69 
70 | 69.32| 9.74 || 69.28} 10.04 69.23 | 10.35 || 69.19 | 10.65] 70 
711 70.31) 9.88 || 70.27 10.19 || 70.22 | 10.49] 70.17} 10.80| 71 
72 | 71.30 | 10.02 || 71.25 | 10.33 |) 71.21 | 10.64] 71.16} 10.95) 72 
73 | 72.29 | 10.16 |) 72.24 | 10.47 | 72.20 10.79 | 72.15] 11.10! 73 
74 | 73.28 | 10.30 | 73.23 | 10.62), 73.19 | 10.947) 73.14 | 11.26] 74 
73 | 74.27 | 10.44 || 74.22 | 10.76 || 74.18 | 11.09 || 74.13] 11.41] 75 
76 | 75.26 | 10.58 || 75.21 | 10.91 || 75.17 | 11.23 || 75.12] 11.56) 76 
77 | 76.25 | 10.72 || 76.20 | 11.05]! 76.15 | 11.38 | 76.10 | 11.71): 77 
78 | 77.24 | 10.86 || 77.19 | 11.19 || 77.14 | 11.53'!| 77.09 11.87} 78 
79 | 78.23 | 10.99 || 78.18] 11.34] 78.13 | 11.68 || 78.08 | 12.02] 79 
80 | 79.22 | 11.13 || 79.17] 11.48 |] 79.12 | 11.82 || 79.07 | 12.17) 80 
81 | 80.21 | 11.27 || 80.16 | 11.62 || 80.11] 11.97 || 80.06] 12.32) 81 
82 | 81.20] 11.41 | 81.15] 11.77 |] 81.10 | 12.12 || 81.05] 12.47) 82 
83 | 82.19 | 11.55 || 82.14] 11.91 || 82.09 | 12.27 || 82.03 | 12.63) 83 
84 | 83.18 | 11.69 || 83.13 | 12.05 || 83.08 | 12.42 || 83.021 12.78] 84 
85 | 84.17] 11.83 || 84.12] 12.20 || 84.07 | 12.56 || 84.01 | 12.93} 85 
86 | 85.16] 11.97 || 85.11 | 12.34|| 85.06 | 12.71 |185.00| 13.08} 86 
87 | 86.15] 12.11 |! 86.10 | 12.48 || 86.04 | 12.86 || 85.99 | 13.23] 87 
88 | 87.14 | 12.25 || 87.09 | 12.63 || 87.03 | 13.01 || 86.98 | 13.39] 88 
89 | 88.13 | 12.39 || 88.08 | 12.77 || 88.02] 13.16 ||87.96 | 13.54] 89 
90 | 89.12 | 12.53 || 89.07 | 12.91 || 89.01 | 13.30 || 88.95 | 13.69! 90 
91] 90.11 | 12.66 || 90.06 | 13.06 || 90.00 | 13.45 189.941 13.84) 91 
92} 91.10! 12.80 | 91.05 | 13.20 || 90.99 | 13.60 || 90.93} 14.00) 92 
93 | 92.09 | 12.94 || 92.04] 13.34 || 91.98 | 13.75 || 91.92) 14.15; 93 
94 | 93.09 | 13.08 | 93.03 | 13.49 92.97 | 13.89 || 92.91] 14.30! 94 
95} 94.08 | 13.22 | 94.02 , 13.63 || 93.96 | 14.04 || 93.89) 14.45] 965 
96 | $5.07 | 13.36 | 95.01 | 13.78 || 94.95 | 14.19 || 94.88 14.60 96 
97| 96.06 | 13.50 | 96.60; 13.92 | 95.93 | 14.34 || 95.87] 14.76) 97 
98 | 97.05 | 13.64 || 96.99 ; 14.06 || 96.92 | 14.49 || 98.86 | 14.91) 98 
99 | 98.04] 13.78 || 97.98 | 14.21 || 97.91 | 14.63 | 97.85] 15.06) 99 
100 | 99.03 | 13.92 | 98.97 | 14.35 || 98.90 | 14.78 || 98.84 | 15.21 100 
8 | Dep. | Lat. || Dep. | Lat. |} Dep. | Lat. || Dep. | Lat. g 
: - 5 
a e 
a 82 Deg 817 Deg. 814 Deg 814 Deg. A 


A the te ett nt a a > Bi ie i ee r oy Tee ee a a | 


90 TRAVERSE TABLE 


| 
S 9 Deg 93 Deg | | o 
a | | z 
5 |- aw p 5 j iS 
@ | Lat. | Dep. |) Lat. | Dep. |; Lat. | Dep. || Lat. motel BP} 
1 0.99| 0.15] 0.99| 0.16 || 0.99: 0.17|| 0.99| 0.17. I 
2| 1.98) 0.31) 3.97] 0.321] 1.971 0.33/| 1.97] 0.34] 2 
3] 2.96] 0.47|| 2-96} 0.49 ]| 2.96! 0.50]} 2.961 0.51] 38 
4| 3.95! 0.63|| 3.95! 0.641] 3.95! 0.66] 3.94] 0.68] 4 
5| 4.94; 0.78] 4.93] 0.80) 4.93| 0.83]] 4.93] 0.85) 5 
6| 5.93) 0.94|] 5.92] 0.96 ]) 5.92] 0.99}! 5.91] 1.02] 38 
7| 6.9L. 1.10) G91]. 1.13) 6.90]. 1.16 ]] 6.90| 1.219) --7 
8| 7.90. 1.25|| 7.90] 1.29]) 7.89] 1.32|| 7.88! 1.35] 8 
9} 8.89 1.41|| 8.88| 1.45|| 8.88) *.49]| 8.87; 7.52] 9 
} 10} 9.88| 1.56} 9.87; 1.61|| 9.86] 1.85) $.68) 1.69] 10 
“TL | 10.86] 1.72|/ 10.86] 1.77 || 10.85] 1.82] 10.84) 1.86] 1i 
12|/11.85] 1.88} 11.84] 1.93 ]}11.84] 1.98]/ 11.83] 2.03] 12 
13| 12.84] 2.03] 12.83] 2.09 ]|}12.82] 2.15]}12.81] 2.20} 13 
14/13.83! 2.19] 13.82] 2.25 ]/13.81] 2.31]|13.80] 2.37] 14 
15|14.82| 2.35] 14.80! 2.41 14.79] 2.48]114.78] 2.54] 15 
16|15.80| 2.5@|15.79{ 2.571/15.78| 2.64]115.77| 2.71} 16 
17| 16.79] 2.66||16.78| 2.73 || 16.77] 2.81 1116.75] 2.88| 17 
18]17.78| 2.82||17.77| 2.89 ||17.75| 2.97]| 17.74} 3.05 | 18 
19|18.77| 2.977] 18275| 3.05 18.74] 3.141] 18.73] 3.22] 19 
20|19.75| 3.13] 19.74] 3.21 119.73] 3.30]|19.71| 3.39 | 20 
21 | 20.74| 3.29] 20.73! 3.38 |/20.71| 3.47] 20.70| 3.56 | 21 
3221.73} 3.44] 21.71] 3.54 |/21.70] 3.63]/21.68| 3.73] 22 
93 | 22.72] 3.60 || 22.70] 3.70 || 22.68| 3.80] 22.67] 3.90] 23 
24|/23.70| 3.75 23.69] 3.86 123.67] 3.96 /23.65| 4.06] 24 
25 |24.69| 3.91 || 24.67] 4.02 | 24.66] 4.13] 24.64] 4.23] 25 
26 125.68] 4.07] 25.66] 4.18 ||25.64] 4.29 || 25.62] 4.40] 26 
27| 26.67] 4.22|/26.65| 4.34 1126.63] 4.46 1126.61] 4.57] 27 
28|27.66; 4.38] 27.64| 4.50|/27.62| 4.62 || 27.60] 4.741 28 
29 | 28.64] 4.54] 28.62] 4.66]/ 28.60] 4.79 || 28.58| 4.91] 29 
30 | 29.63] 4.69 || 29.61] 4.82{129.59| 4.95 || 29.57] 5.08] 30 
31 | 30.62| 4.85|| 30.60] 4.98|/30.57| 5.12||30.55| 5.25| 31. 
32/31.61] 5.01||31.58| 5.14//31.56| 5.28 |131.54| 5.42] 32 
33 | 32.59] 5.16] 32.57] 5.30|/32.55| 5.45 /132.52| 5.59) 33 
34'33.58| 5.321 33.56) 5.47|/33.53| 5.61 1133.51| 5.76| 34 
35 | 34.57] 5.48] 34.54] 5.63|/34.52| 5.78 1134.49| 5.93] 35 
36/35.56! 5.63|| 35.53] 5.791/ 35.51] 5.94|/35.48| 6.10] 36 
37 | 36.541 5.79|| 36.52| 5.95] 36.49! 6.11 ||36.47| 6.27] 37 
38 | 37.53] 5.94]/ 37.51] 6.11] 37.48| 6.27]/37.45| 6.44] 38 
39 | 38.52] 6.10!) 38.49| 6.27]|/38.47| 6.44]138.44| 6.60] 39 
40| 39.51} 6.26|| 39.48] 6.4311 39.45| 6.60]| 39.42] 6.77|-40 
41 | 40.50] 6.41|| 40.47] 6.59 140.44| 6.77] 40.41| 6.94| 41 
42|41.48] 6.57|/ 41.45] 6.75 ||41.42| 6.92] 41.39] 7.11 | 42 
43 |42.47| 6.73|| 42.44] 6.91 || 42.41] 7.101142.38! 7.28] 43 
44 | 43.46] 6.88] 43.43] 7.07] 43.40] 7.26||43.36| 7.451] 44 
45 144.45) 7.04] 44.41] 7.23] 44.38] 7.4311 44.35] 7.62' 45 
46 45.43} 7.20] 45.40). 7.39 ]/45.37| 7.59 145.34) 7.79. 16 
47, 46.42| 7.35|146.39| 7.55||46.36| 7.7611 46.392] 7.96! 47 
4s (47 41| 7.51|/ 47.38} 7.72 |1 47.34] 7.9211 47.31| 8.131 48 
49'48.40] 7.67'] 48.36] 7.88|148.33| 8.09 148.29] 8.30) 49 
50' 49.38] 7.82) 49.35| 8.04 ]/49.32: 8.25 ||49.28! 8.47] 50 
. || Dep. | Lat. || Dep. | Lat. ' § 
te Re & 
801 Deg. || 80} Deg. |B 


TRAVERSE TABLE. 


SS NTN PE ASSEN NI 


a) 
= 


| 
o | 9 Deg. 94 Deg. 94 Deg. 9} Dee oS 
2 3 wo 
E | | 7 
be | Lat. | Dep Lat. | Dep. || Lat. | Dep Lat. | Dep 3 
51 | 50,37 | 7.98 | 50.34} 8.20//50.30| 8.42| 50.26 8.64] 51 
52 (51.36) 8.13 | 51.32] 8.36 |/51.29! 8.58!51.25] 8.81] 42 
53|52.35| B.291/52.31 | §.52||52.27! 8.75] 52.23] 8.93] 62 
54 | 53.34] 8.45 | 53,30] 8.68]/53.26| 8.91)153.22] 9.14] 5 
65 | 54.32] 8.60|/ 54.28 | 8.84|/54.25| 9.08! 54.21] 9.31] 55 
56 | 55.31) 8.76 | 55.27} 9.00|155.23| 9.24|/ 55.19] 9.48) 56 
57146.30! 8.92]/56.26) 9.161/56.22) 9.41|| 66.18] 9.65] 57 
58 {57.29 | 9.071/57.25 9.321/57.20) 9.57|/ 57.16] 9.82] 58 
59 |58.27| 9.231158.23 9 481158.19| 9.74/|58.15| 9.9¢] 59 
60 | 59.26 | 9.39 |159.22| 9 64//59.18| 9.90]) 59.13] 10.16] 60 
61 | 60.25 | 9.54|/60.21| 9.811] 60.16! 10.074] 60.12] 10.33] 6] 
62 |61.24| 9.70] 61.19 | 9.97]/61.15| 10.23]] 61.10] 10.50] 62] - 
63 | 62.22) 9.86) 62.18 | 10.13) 62.14 / 10,40 || 62.09 | 10.67] 63 
64 | 63.21| 10.01 || 63.17 | 10.29 || 63.12| 10.56 || 63.08| 10.84] 64 
65 | 64.20 | 10.17 || 64.15 | 10.45 || 64.11 | 10.73 || 64.06]11.01| 65 
66 | 65.19 | 10.32 165.14 | 10.61 || 65.09 | 10.89 || 65.05/11.18| 66 
67 | 66.18 | 10.48 || 66.13 | 10.77 || 66.08) 11.06 |] 66.03 11.35]. 67 
68 | 67.16 | 10.64 |] 67,12 | 10.93 || 67.97 | 11.22!/ 67.02] 11.52] 68 
69 | 68.15 | 10.79 || 68.10 | 11.09 || 68.05 | 11.39 || 68.00]11.69| 69 
_70 | 69.14] 10.95 || 69.09 | 11.25 |] 69.04] 11.55 || 68.99| 11.85] 70 
71 | 70.13 | 11.1: || 70.08 | 11.41 || 70.03) 11 7369.97 12.02] 71 
72 | 71.11 | 11.26 || 71.06 | 11.57 || '71.01 | 11.88 || 70.96|12.19| 72 
73 | 72.10 | 11.42 ||-72.05 | 11.78 |] 72.00 | 12.05 || 71.95 | 12.36] 73 
7A | 73.09 | 11.58 |, 73.04 | 11.89 || 72.99 | 12.21 || 72.93 | 12.53! 74 
75 | 74.68 | 11.73 || 74.02 | 12.06 || 73.97 | 12.38 || 73.92 | 12.70] 75 
76 | 75.06 | 11.89] 75.01 | 12.22 || 74.96 | 12.54 || 74.90 | 12.87] 76 
77 | 76.05 | 12.05 || 76.00 | 12.38 || 75.94| 12.71 || 75.89 | 18.04] 77 
78 | 77.04 | 12.20 || 76.99 | 12.5411 76.92 | 12.87 | 76.87 113.21] 78 
79 |: 78.03 | 12.36 || 77.97 | 12.70 || 77.92 | 13.04 ||'77.86 | 13.38 | 79 
80 | 79.02 | 12.51] 78.96 | 12.86 || 78.90 | 13.20 || 78.84] 13.55] 80 
81 | 80.00 | 12.67 || 79.95 | 13.02 || 79.89 | 13.37 | 79.83] 13.72| 81 
82 | 80.99 | 12.83 || 80.93 | 13.18 || 80.88} 13.53 || 80.82] 13.89] 82 
§3 | 81.98 | 12.98] 81.92 | 13.34 || 81.86 | 13.70 |/81.80| 14.06! 83 
84 | 82.97 | 13.14 ]] 82.91 | 13.50 || 82.85 | 13.86 || 82.79 | 14.23] 84 
85 | 83.95 | 13.30 | 83.89 | 13.66 || 83.83 | 14.03 || 83.77] 14.39] 85 
86 | 84.94 | 13.45 |] 84.88 | 13.82 || 84.82] 14.19 || 84.76114.56| 86 
87 | 85.93 | 13.61 | 85.87 | 13.98 | 85.81 | 14.36] 85.74/14.73| 87 
88 | 86.92 | 13.77] 86.86 | 14.15 || 86.79 | 14.52 || 86.73] 14.90] 88 
89 | 87.90 | 13.92 || 87.84 | 14.31 || 87.78 | 14.69 | 87.71 | 15.07] 89 
90 | 88.89 | 14.08 | 88.83 | 14.47 || 88.77] 14.85 || 88.70 | 15.24] 90 
91 | 89.88 | 14.24 |] 89.82 | 14.63 || 89.75 | 15.02 | 89.69); 15.41] 91 
92 | 90.87 | 14.39 || 90.80 | 14.79 ]/ 90.74] 15,18 || 90 67) 15.58] 92 
93 191.86 | 14.55) 91.79 | 14.95 || 91.72] 15.35 || 91.66) 15.75) 93 
94 | 92.84] 14.70 || 92.78 | 35.11 |] 92.71] 15.51 || 92.64115.92| 94 
£193.83 | 14.86 || 93.76 | 15.27) 93.70 | 15.68 || 93.63|16.09| 95 
96 ' 94.82 |15.02|| 94.75 | 15.43 || 94.68 / 15.84 |] 94.61/16.26] 96 
97 | 95.81 |15.17|| 95.74 | 15.59 || 95.67| 16.01 || 95.60 | 16 43] 97 
98 | 96.79 | 15.33 || 96.73 | 15.75 || 96.66 | 16.17 ]| 26.58 | 16.60) 98 
99 | 97.78 | 15.49 |] 97.71 | 15.91 || 97.64! 18.24]|97.57/16.77| 99 
100 | 98.77 | 15.64 || 98.70 | 16.07 || 98.63 | 16.50 || 98.56 | 16.93 | 100 
8 Dep. | Lat. || Dep. | Lat. || Dep. | Lat |} Dep. | Lat. S 
3 ———s Ne See ie ee ee cr} 
- ~ 
a ct a 
Q 81 Deg. 80} Deg. 804 Deg. 80} Deg. A 


99, TRAVERSE TABLE 
-) 
Da 
- & 
Lat._| Dep. || Lat. | Dep. 8 
0.98} 0.18] 0.98] 0.19 1 
1.97] 0.36 OG OS97, z 
2.95} 0.55) 2.95] 0 56] 3 
3:93 |.0.73 |} 3.931. 0.75 4. 
4.92] 0.91 4.91} 0.93 5 
5.90] 1.09]| 5.89] 1.12] 6 
6.88) 1.28 SS A edith. 7 
Te8t) a6 7.86] 1.49 8 
8.85), 1.64]) 8.84] 1.68 9 
9.83] 1.82} 9.821 “7.871 30 
10.82} 2.00!/10.81) 2.05] 41 
11.89] 2.19!1111.79] 2.24] 12 
12.78). 2ST IVI) VAD os 
IS.7 GQ) 2.09 las cou  ediaes 1 
14.75| 2.78]|-14.741 2.80} 15 
Load |) 2.02 || Lone oi BeOS VLG 
16.72} 3.10 |] 16.70] 3.37} 17 
17.70) 3.28 |) 17.68 | 3.36] “18 
18.68] 3.46] 18.67] 3.54] 19 
19.67| 3.64|| 19.65] 3.73] 20 
20.65| 3.83]/20.63| 3.92] a1 
21:63} 4.01 || 21.61] 4.10) 99 
2.61] 4.19 || 22.60) 4.29] 93 
23.69] 4.37 ]]/ 23.58) 4.48] 924 
F 24.58 | 4.56 || 24.56] 4.66] 25 
6 25.56} 4.74]| 25.54] 4.85] 26 
-80 |! 26.55) 4.9211 26.53] 5:04] 27 
4.98 || 27.53} 5.10}) 27.51]. 5.22] 928 
5.16 |] 28.51) 5.28 || 28.49] 5.41] 29 
5,34 || 29.50) 5.474/29.47] 5.60] 30 
5.52)| 30.48] 5.65 |/30.46! 5.78] 31 
5.69 || 31.46] 5.88]/31.44] 5.97] 39 
5.87 || 32.45] 6.01 /|32.42] 6.16] 33 
6.05 || 33.43] 6.20 |133.40| 6.34] 34 
6.23 | 34.41] 6.38 ||/34.39| 6.53] 35 
6.41 || 35.40] 6.56 || 35.37] 6.71] 38 
6.58 || 36.38] 6.74 ||36.35| 6.90] 37 
6.76 || 37.36) 6.92 ||37.33| '7.09] 38 
6.94) 38.35] 7311 || 38.32) ‘7.271 39 
7.12 || 39.33 | 7.29 1139.30] 7.46 46 
7.30 || 40.31] 7.47 || 40.28] 7.651 az 
7.47) 41.30) 7565.1) 41.96) ° 7.83 42 
7.65 || 42.28] 7.84 || 42.25] 8.02 43 
7.83 || 43.261. 8.02// 43.23) 8.21 44 
8.01 || 44.25) 8.20]| 44.21] 8.39 45 
8.19)| 45.23] 8.38)/45.19| 8.58] 46 
8.36 || 46.21] 8.57]/46.18| 8.77] 47 
8.54|| 47.20) 8.75 ||47.16| 8.95}_4§ 
8.72] 48.18| 8.93}| 48.14] 9.14 49 
8.90 || 49.16} 9.11|/49.12| 9.33 50 
Lat Dep. | Lat Dep Lat 2 
E 
n 
792 Deg. 79} Deg. A 


TRAVERSE TABL. 93 


“HUD ISIC] 


10 Deg. 


Lat. | Dep. 


51 |50.23! 8.86 
52/51.21| 9.03 
53 |52.19] 9.20 
54153.18| 9.38 
5E|54.16| 9.55 
56|55.15! 9.72 
57156.13| 9.90 
58 | 57.12] 10.07 
59 | 58.10 | 10.25 
60 | 59.09 | 10.42 
61 | 60.07| 10.59 
62 | 61.06 {10.77 
63 | 62.04| 10.94 
64 | 63.03] 11.11 
65 | 64.01| 11.29 
66 | 65.00 | 11.46 
67 | 65.98 | 11.63 
68 |66.97| 11.81 
69 | 67.95 | 11.98 
70 |68.94| 12.16 
71 | 69.92 | 12.33 
72|70.91| 12.50 
73 | 71.89 | 12.68 
74.|72.88| 12.85 
75 |73.86| 13.02 
76 | 74.85 | 13.20 | 
77 | 75.83 | 13.37! 
78 | 76.82) 13.54 
79 | 77.80 | 13.72 
80 | 78.78 | 13.89 


“S4_| 79.77 | 14.07 
82 180.75| 14.24 
83} 81.747°14.41. 
84 | 82.72 | 14. 59|h 
85 | 83.71 | 14.76 
86 | 84.69 | 14.93 
87 | 85.68 | 15.11 
88 | 86.66 | 15.28 
89 | 87.65 | 15.45 
90 | 88.63 | 15.63 


91 | 89.6%) 15.80 
92 | 90.60 | 15.98 
93 |91.59 | 16.15 
94 | 92.57 | 16.32 
95 | 93.56 | 16.50 
96'94.54 | 16.67 
97. 95.53! 16.84 
98 96.51 | 17.02 
99 | 97.50 | 17.19 
) (98.48 | 17.36 


94 TRAVERSE TABLE. 


! 
114 Deg. i 114 Deg. | 11} Deg. 


S11 Deg o 
a nm 
Sy ae —||—_—_—__—_ —-| & 
8 Lat. | Dep. || Lat. | Dep. || Lat. | Dep. || Lat. | Dep. | 9 
“TY 0.981 0.19 || 0.98] 0.20} 0.98| 0.20)/ 0.98) 0.20! 1 
2| 1.96] 0.38!) 1.96; 0.39] 1.961 0.40], 1.96) 0.41: 2 
3, 2.94] 0.57], 2.94] 0.59|} 2.94] 0.60]! 2.94] 0.61] a2 
4| 3.93] 0.76]| 3.92| 0.78 || 3.92] 0.80% 3.92! 9.82! 4 
5| 4.91] 0.95|| 4.90] 0.98|| 4.90] 1.00]]| 4.90; 1.02) 5 
6| 5.89| 1.14] 5.88} 1.17]] 5.88} 1.20] 5.87! 1.22] 6 
7| 6.87| 1.34) 6:87] 1.87]) 6.86] 1.40]) 6.85] 1.43] 7 
8| 7.85] 1.53]| 7.85]. 1.56 ]| 7.84] 1.59]/ 7.83] 1.63] 8 
9/ 8.83] 1.72] 8.83] 1.76]| 8.82] 1.79]/ 8.81] 1.83] 9 
10| 9.82] 1.91]| 9.81] 1.95 || 9.80] 1.99|| 9.79| 2.04] 10 
11| 10.80] 2.10] 10.79} 2.15 /10.78| 2.191/10.77| 2.24] 11 
12. 11578| 2.29 |/11.77] 2.84 1/11.76| 2.39) 11.75| 2.44] 12 
13| 12.76) 2.48) 12.75] 2.54 /12.74| 2.59 112.73] 2.65| 13 
14) 13.74| 2 6713.73] 2.73 | 13.72] 2.79] 13.71| 2.85] 14 
15|14.72, 2861 14.71| 2.93 114.70] 2.99]/ 14.69] 3.06] 15 
16115.71| 3.95||15.69] 3.12 115.68] 3.19|1 15.66} 3.26] 16 
17/16.69| 3.2L |/16.67] 3.32 |/16.66} 3.39]/ 16.64] 3.46] 2 
18|17.67| 3.43||17.65| 3.51 ||17.64| 3.59|) 17.62} 3.66] 18 
19|18.65| 3.63|/18.63] 3.71 || 18.62! 3.79||18.60] 3.87] 19 
| 20119.63| 3.82] 19.62] 3.90 |) 19.60] 3.99] 19.58| 4.07] 20 
21) 20.61| 4.01} 20.60, 4.10 |/ 20.58] 4.19 | 20.56] 4.28] 21 
2/21.60| 4.20] 21.58| 4.29 /21.56| 4.39 ]|21/54| 4.48] 22 
23 |22.58| 4.39 ]/22.56| 4.49 |/ 22.54] 4.59 |) 22.52) 4.68] 23 
24|23.56| 4.58 23.54! 4.68) 23.52] 4.78)23.50] 4.89] 24 
25 | 24.54) 4.77] 24.52| 4.88 || 24.50] 4.98 | 24.48] 5.09] 25 
26 | 25.52) 4.961/25.50| 5.07)) 25.48] 5.181 25.46] 5.30] 26 
27/26.50| 5.15 |,26.48| 5.27|126.46| 5.381 26.43] 5.50] 27 
28/27.49| 5.341/27.46| 5.46!127.44| 5.58 127.41] 5.70| 28 
29 |28.47| 5.53]|28.44) 5.66]128.42] 5.78 1198.39) 5.91] 29 
30} 29.45] 5.72 |/29.42] 5.85|/29.40| 5.98|129.37] 6.11] 30 
31 | 30.43) 5.92 ]/30.40| 6.05]/30.38| 6.18 |30.35| 6.31| 31 
32 | 31.41] 6.11 |131.39| 6.24]/31.36] 6.38 131.33] 6.52| 32 
33 | 32.39] 6-30.1182.37| 6:44|132.34| 6.58/132.31] 6.72| 33 
34 | 33.38] 6.49 |/33.35| 6.63|/33.32| 6.78 )133.29|. 6.92] 34 
35 | 34.36| 6.68 |) 34.33] 6.83|/ 34.30! 6.981/34.27| 7.13) 35 
36 | 35.34| 6.87 || 35.31| 7.021/35.28| 7.18 |/35.25| 7 33| 26 
37 | 36.32) 7.06] 36.29] 7.22 ]/36.26| 7.38 1136.22] 7753] 37 
38 | 37.30) (7.25 |137.27| 7.41|/387.24| 7.58 1137.20! 7.74] 38 
39} 33.28] 7.441 38.25| 7.61 ||38.22| 7.78 |/38.18| 7.941 39 
40 ) 39.27| 7.63 || 39.23] 7.80] 39.20] 7.97]/39.16| 8.15] 40 
41 | 40.25) 7.82 ]/40.21| 8.00 : 

42} 41.23) 8.01 |/41.19| 8.19 
43 )42.21| 8.20]/42.17] 8.39 
14/ 43.19) 8.40] 43.15] 8.58 

| 46 /|44.17| 8.59|/ 44.14) 8.78 
4645.15) 8.78|/ 45.12) 8.97 
47| 46.14) 8.97]/ 46.10! 9.17 
48 | 47.12] 9.16||47.08| 9.36 
49!48.10| 9.35 1148.06] 9.56 
50|49.08| 9.54! 49.04 | 9.15 
8 | Dep. | Lat. || Dep. ) Lat 
E : 

A 79 Deg 78} Deg 


TRAVERSE 


114 Deg. 


Lat. | Dep. 


TABLE. 


51.00 


50.021 9.95 
10.14 
10.34 
10.53 
10.73 
10.93 
11.12 
11.32 
11.51 
LL 78 


11.90 
12.10 
12.29 
12.49 
12.68 
12.88 
13.07 
13.27 
13.46 
13.66 


13.85 
14.05 
14.24 
14.44 
14.63 
14.83 
15.02 
15.22 
15.41 
15.61 


15.80 


16.19 
16.39 
16.58 
16.78 
16.97 
17.17 
17.36 
17.56 


16.00 | 


17.75 
17.95 
18.14 
18.34 
18.53 
18.73 
18.92 


19.12 
19.31 
| 19.51 


Lat. 


Distance,| 


pei teenie #4 Sepa a 


. ee = 


ei? ee Ra | 


96 TRAVERSE TABLE 
i) | 12 Deg 124 Deg. 123 Deg. i27 Deg. S) | 
a ‘ = 
Ei - ee a nee 
= | Lat. | Dep. || Lat. | Dep Lat. | Dep. || Lat. | Dep. & 
1| 0.98} 0.21] 0.98| 0.21]) 0.98|-0.22]] 0.98] 0.22, 1f 
2] 1.96] 0.42]) 1.95) 0.42] 1.95] 0.43 1.95 | 0.44; 2 
3| 2.93/~0.62}) 2.93! 0.64]} 2.93] 0.65]| 2.93) 0.66 3 
4/ 3.91) 0.83]| 3.91] 0.85]} 4.91] 0.87]] 3.90] 0.88 4 
5] 4.89] 1.04]| 4.89} 1.06]] 4.88; 1.08]) 4.88] 1.10 5 
GHG .8t- Lego -6.80)| Lose beh] 1.30. os Go 1 las § 
7|°6.85| 1.46|| 6.84] 1.49]} 6.83! 1.52]) 6.83] 1 54 7 
Sa eSSt TOO Oe de lO! OV cOr te tude so RO eos gy. 8 
9| 8.80) 1.871) 8.80] 1.91]} 8.79} 1.95]| 8.78] 1.99 9 
10-29 783) 2,08 A Godt Bl 2 ES! GeO. eel, Dove eel _10 
Tl TOG" 2 SON LO75 | 2ees tt. 74) 2.38) 10. 7a season le 
SUS pel SR Se ey TEL Ose ST Wm aes | Ree eas eel MAO bh) IG 
13 | 12.72.|. 2.70 || 12.70 | 2.76 |) 12.69] 2.811) 12.68] 2.87] 13 
14} 13.69] 2.91 ]| 13.68] 2.97] 13.67] 3.03)]|13.65| 3.09] 14 
15| 14.67] 3.12|| 14.66) 3.18 || 14.64] 3.25]/14.63) 3.31] 15 
16{15.65) 3.33]|15.64| 3.39 || 15.62) 3.461/15.61| 3.53] 16 
17 | 16.63; 3.53] 16.61 | 3.61] 16.60) 3.68 || 16.58] 3.75! 17 
18) 17.61) 8.74 | 17.59) 3.82) 17.57] 3.90|| 17.56 |~3.97 | 18 
19 | 18.58) 3.95/|18.57) 4.037 18.55| 4.11]/18.53] 4.19 | 19 
20 | 19.56) 4.16 || 19.54] 4.24] 19.53] -4.33]119.51] 4.41 | 20 
21} 20.54) 4.37 /|20.52| 4.46] 20.50) 4.55)/ 20.48] 4.63 | 21 
22 )21.52}. 4.57 || 21.50) 4.67 || 21.48) 4.76)'21.46| 4.86] 22 
23 | 22.50) 4.78 || 22.48) 4.88 || 22.45! 4.98 || 22.43] 5.08] 23 
24 | 23.48} 4.991]/ 23.45) 5.091 23.43] 5.19) 23.41] 5.30] 24 
25 |24.45| 5.20|| 24.43] 5.30] 24.41] 5.41 |24.388) 5.52) 25 
26 | 25.43] 5.41// 25.41] 5.52] 25.38 | 5.63 ]/25.36| 5.74 | 26 
27|26.41] 5.61!26.39] 5.73)]| 26.36] 5.84//26.33] 5.96 | 27 
28 | 27.39] 5.821 27.36] 5.94] 27.34] 6.06 ||27.31] 6.18 | 28 
29 | 28.37) 6.03 || 28.34] 6.15] 28.31] 6.28 || 28.28) 6.40] 29 
30 | 29.34) 6.24 || 29.32] 6.37]] 29.29} 6.49 |/29.26| 6.62] 30 
31 | 30.32] 6.45 ]/ 30.29] 6.58] 30.27] 6.71 ||30.24| 6.84] 31 
2/31.30) 6.65 || 31.27 | 6.79] 31.24] 6.93:/31.21] 7.061 32 
33 | 32.28] 6.86 || 32.25) 7.00]| 32.22) 7.14/132.19| 7.28] 33 
34 | 33.26] 7.07] 33.23] 7.211) 33.19] 7.36 ||/33.16] 7.50] 34 
35 | 34.24) 7.28 || 34.20) 7.43)) 34.17] 7.58 |/34.14] 7.721 35 
86 | 35.21] 7.48135.18| 7.64! 35.15] 7.79 1195.11] 7.951 36 
87 | 36.19} 7.69 || 36.16) 7.85} 236.12] 8.01 |/36.09| 8.17] 37 
38 | 37.17] 7.90 || 37.13 |. 8.06 || 37.10] 8.221;37.06) 8.39] 38 
39 | 38.15) 8.11]/38.11| 8.27 385¢8 | 8.44 33.04 | 8.61} 39 
40 | 39.13] 8.32 | 39.09] 8.491] 39.05! 8.66 |!39.01\ 8.83] 40 
41 |40.10| 8.52 || 40.07] 8.70] 40.03] 8.87 |/39.99| 9 05! 41 
42 41,08} 8.73! 41.04] 8.91]/ 41.00] 9.99 ;40.96 Sra ess 
43} 42.06] 8.94 || 49.02] 9.121 41.98] 9.3. |[41.941] 9.491 43 
44)43.04] 9.15 )) 43.00] 9.34] 42.96] 9.52): 42.92) 9.7 44 
45 | 44.02) 9.361/43.98] 9.55]| 49.93) 9.74143 89! 9.93. 4s 
ne 44.99) 9.56 |;44.95| 9.76) 44.91) 9.96 || 44.87)10.15: 4¢ . 
48 : 
49 
56 
i 
Q 


ogee 


On 
, 


TRAVERSE TABLE. 


97 


124 Deg. 


12$ Des. 


——r: 


Lat. 


Dep. 


Lat. 


Dep. 


49.79 
50.77 
51.74 
52.72 
53.70 
54.67 
55.65 
56.63 
57.60 
58.58 


11.04 
11.25 
11.47 
11.69 
11.90 
12.12 
12.34 
12.55 
12.77 
12.99 


49.74 
40.72 
51.69 
52.67 
53.64 
54.62 
55.59 
56.57 
57.55 
58.52 


11.26 


11.48 
11.70 
11.22 
12.14 
12.36 
12.58 
12.80 
13.02 
23.524 


reouPasig 


“bl 


59.55 
60.53 
61.51 
62.48 
63.46 
64.44 
65.41 
66.39 
67.36 
68.34 


13.20 
13.42 
13.64 
13.85 
14.07 
14.29 
14.50 
14.72 
14.93 
15.15 


59.50 
60.47 
61.45 
62.42 
63.40 
64.37 
65.35 
66.32 
67.30 
68.27 


13.46 
13.68 
13.90 
14.12 
14.35 
14.57 
14.79 
16.01 
15.23 
15.45 


er 
= 


(or) 
© 
a 
Or 
ft 
ee 
~ 
lop) 


69.32 
70.29 
71.27 
72.25 
73.22 
74.20 
75.17 
76.15 
77.13 
78.10 


15.37 
15.58 
15.80 
16.02 
16.23 
16.45 
16.67 
16.88 
17.10 
17.32 


69.25 
70.22 
71.20 
72.18 
73.15 
74.13 
75.10 
76.08 
77.05 
78.03 


‘15.67 


15.89 
16.11 
16.33 
16.55 
16.77 
16.99 
17.21 
17.44 
17.66 


19 ||'79.08 


80.06 
81.03 
82.01 
82.99 
83.96 
84.94 
85.91 


86.89 | 


87.87 


17.53 
17.75 
17.96 
18.18 
18.40 
18.61 
18.83 
19.05 
1$.26 
19.48 


79.00 
79.98 
80.95 
81.93 
82.90 
83.88 
84.85 
85.83 
86.81 
87.78 


17.88 
18.10 
18.32 
18.54 
18.76 
18.98 
19.20 
19.42 
19.64 
19.86 


88.84 
89.82 
90.80 
le 
92.75 
93.72 
94.70 
95.68 
96.65 


97.63 | 


19.70 


19.91 
20.13 
20.35 
20.56 
20.78 
20.99 
21.21 
21.43 
21.64 


| 92.66 


82,76 
89.72 | 
90.71 
91.68 


93.63 
94 61 
95.58 
96.56 
97.53 


20.08 
20.30 
20.52 


20.75 | 


22.07 


100 


Distance. 


Dep. 


Lat. 


774 Deg. 


Dep. 


Lat. 


774 Deg. 


} 


Distance. 


98 TRAVERSE TABLE. 
iS) 13 Deg. 134 Deg. 134 Deg. 13? Deg. iS) 
a Q 
| - —|——_——— ey 
3 Lat. | Dep Lat. | Dep. || Lat. | Dep. || Lat, | Dep. | § 
1} 0.97) 0.23]. 0.97) 0.23] 0.97) 0.23] 0.97) 0.24) * 
2) 1.95| 0.45] £1.95] 0.46) 1.95) 0.47]) 1.94) 0.48] 2 
2) 2)92)50.67)) 2.92) 0.694) 2.921 0.70 ))*2.914. O90) > 3 
4, 3,90] 0.90] 3.89] 0.92 || 3.89| 0.93] 3.89) 0.95) 4 
BNO AST Tel 2s 4.809 VI5 > 4.8640 1.17 |e Soe eon Ste 
6| 5.85] 1.35] 5.84] 1.38] 5.83] 1.40]) 5.83) 1.43] 6 
GAO B82 1.5% ||) 6281491.560 ho 62811 1063 1 6.807 166. 7 
Bile 7804. 1280. 7.791) 1583 7.781) 1087 4) 7.77) 908s 8 
y9) 8.77) 2502] 8.76) 2.06 || 8.75 )+ 2.101] 8.74) 2.144. 9 
10} °9.74) 92.25 |/--9.73 | 2.29 1. 9.72) 2.33) 9.714. 25384 10 
1 | 10.72) 2.47// 10.71} 2.52 110.70 | 2.57) 10.68] 2.61] 11 
12/11.69} 2.70] 11.68) 2.75 |} 11.67] 2.801, 11.66] 2.85) 12 
13|12.67| 2.92), 12.65] 2.98 112.64] 3.03 || 12.63] 3.09] 13 
14/18.64|] 3.15) 13.63] 3.21 }13.61} 3.27]1/13.60] 3.33) 14 
151/14.62| 3.37|| 14.60} 3.44 |14.59| 3.501) 14.57] 3.57] 15 
16|15.59| 3.60!) 15.57) 3.67 1115.56] 3.74]|15.54| 3.8C) 16 
17;16.57| 3.82)|16.55| 3.90 || 16.53) 3.97 || 16.51) 4.04] 17 
18,;17.54| 4.051 17.52] 4.13 ||17.50| 4.20 || 17.48) 4.28] 18 
19'18.51| 4.27!) 18.49| 4.35 ||18.48| 4.441 18.46) 4.52] 19 
20119.49| 4.50) 19.47] 4.58 || 19.45] 4.67||19.43| 4.75] 20 
21 (20.46) 4.72] 20.44, 4.81 /20.42| 4.90} 20.40) 4.99) 21 
22} 21.44) 4.951 21.41] 5.04 1121.39] 5.14]/ 21.37] 5.23] 22 
23:; 22.41 | 5.17) 22.39 | 5.27 || 22.3861-5.37 || 22.34) 5.47} 23 
24| 23.38) 5.40) 23.36] 5.50 || 23.34] 5.60 || 23.31) 5.70) 24 
25 | 24.36 | 5.62 |) 24.33] 5.73 || 24.31] 5.84] 24.28) 5.94) 25 
26 | 25.33) 5.85]) 25.31) 5.96 || 25.28! 6.07 || 25.25) 6.18) 26 
27 | 26.31) 6.07] 26.28) 6.19 26.25] 6.30! 26.23| 6.42) 27 
28 | 27.28] 6.30 || 27.25| 6.42 || 27.23| 6.54 | 27.20] 6.66] 28 
29 | 28.26) 6.52] 28.23) 6.65 || 28.20) 6.77 || 28.17| 6.89 | 29 
30 | 29.23] 6.75 |] 29.20} 6.88 || 29.17} 7.00 |) 29.14] 7.13] 30 
31) 30.21) 6.97) 30.17) 7.11] 30.14) ‘7.24 || 30.11] 7.37) 31 
32 | 31.18} 7.20) 31.15) 7.33] 31.12|] 7.47} 31.08] 7.61) 32 
33 | 32.15] 7.42 |) 32.12] 7.56] 32.09| 7.704 32.05) 7.84] 33 
34| 33.13) 7.65 |) 33.09 |. 7.79 || 33.06] 7.94 ]|-33.03| 8.08) 34 
35 | 34.10) 7.87 || 34.07] 8.02 | 34.03]. 8.17 ||34.00| 8.32] 35 
36 | 35.08) 8.10]) 35.04] 8.25 || 35.01! 8.40 | 34.97] 8.56) 36 
37| 36.05] 8.32]| 36.02] 8.48 || 35.98] 8.64 || 35.94] 8.79] 37 
38 | 37.03] 8.55) 36.99; 8.71 || 36.95! 8.87 || 36.91] 9.03}| 38 
39 | 38.00] 8.77|| 37.96 | 8.94 }|37.92| 9.10||37.88| 9.27) 39 
40 | 38.97} 9.09|| 38.94] 9.17 ]| 38.89] 9.34]|38.85] 9.51)! 40 
41|39.95| 9.221!) 39.91) 9.40] 39.87) 9.57 1|39.83] 9.75 | 41 
42|40.92| 9.45 || 40.88] 9.63 |) 40.84) 9.80/|!40.80|] 9.98] 49 
43 | 41.90) 9 67] 41.86] 9.86 /| 41.81 | 10.04 ]] 41.77| 10.22) 49 
44 | 42.87; 9.90 |) 42.83 | 19.08 || 42.78 | 10.27 || 42.741 10.46 | 44 
45 ' 43.85 | .0.12 || 43.80 | 10.31 || 43.76 | 10.51 |] 43.71] 10.70 | 45 
46 44.82) 10.35 || 44.78 | 10.54 || 44.73 | 10.74 || 44.68] 10.93 | 46 
17 | 45.80) 10.57 || 45.75 | 10.77 || 45.70 | 10.97 || 45.65/11.17] 47 
4y | 46 77 | 10.80 || 46.72 | 11.00 || 46.67) 11.21 || 46.62] 11.41 | 4g 
491 47.74 | 11.02] 47.70 | 11.23 |) 47.65 | 11.44 || 47.60111.65) 49 
50 | 48.72] 11.25 | 48.67 | 11.46 || 48.62 | 11.67 || 48.57] 11.88] 50 
3 Dep. | Lat. || Dep. | Lat. || Dep. | Lat. |} Dep. | Late) 52 
5 a 
3 3 
52] 
4 17 Deg. 763 Deg. 763 Deg. 764 Dog. A 


TRAVERSE TABLE. 99 


13 Deg 134 Deg. 133 Deg. 13} Deg. 


Ne 
3 Lat. | Dep. || Lat. | Dep. || Lat. | Dep. Lat. | Dep. 
51 | 49.69; 11.47 || 49.64 | 11.69 49.59 | 11.91 |] 49.54, 12.12] 51 


53 | 51.64 | 11.92 |) 51.59 | 12.15 | 51.54 | 12.37 | 51.48] 12.60] 53 
D4 | 52.62 | 12.15 || 52.56 | 12.38 |) 52.51; 12.61 |] 52.45 | 12.84; G4 
55 | 63.59! 12.37 || 53.54 | 12.61 || 53.48 | 12.84 || 53.42/13.07 55 
12.60 || 54.51 | 12.84 || 54.45 13.07] 54.40] 13.31 | 56 
55.48 | 13.06 || 55.43 | 13.31 || 55.87 | 18.55 | 57 
58 | 56.51 | 13,05 || 56.46 | 13.29 || 56.40 | 13.54 | 56.34] 13.79} 58 

57.43 | 13.52 |157.37 | 13.77 || 57.31] 14.02 | 59 
58.40 | 13.75 || 58.34 | 14.01 || 58.28 | 14.26} 60 


61 | 59.44 | 13.72 || 59.38 | 13.98 59.31 | 14.24] 59.25] 14.50} 61 
62 | 69.41} 13.95 || 60.35 | 14.21 || 60.29 | 14.47 | 60.22 | 14.74) 62 
63 | 61.39 | 14.17 || 61.32 | 14.44 | 61.26] 14.71 || 61.19 | 14.97] 63 
64 |62.36| 14.40|| 62.30 | 14.67 || 62.23 | 14.94 |) 62.17] 15.21] 64 
65 | 63.33 | 14.62 || 63.27 | 14.90 | 63.20 | 15.17 | 63.14) 15.45} 65 
66 | 64.31 | 14.85 || 64.24 | 15.13 || 64.18 | 15.41 | 64.11 | 15.69) 66 
67 | 65.28 | 15.07) 65.22) 15.36 || 65.15 | 15.64 || 65.08 | 15.93 | 67 
68 | 66.26 | 15.30 |) 66.19 | 15.59 || 66.12, 15.87 || €6.05 | 16.16] 68 
69 | 67.23 | 15.52 || 67.16 | 15.81 || 67.09; 16.11 || 67.02] 16.40 | 69 
_7@ | 68.21 | 15.75 || 68.14 | 16.04 |68.07| 16.34 || 67.99 | 16.64] 70 
71 | 69.18 | 15.97 || 69.11 | 16.27 || 69.04] 16.57 | 68.97] 16.88] 71 
72 | 70.15 | 16.20 || 70.08 | 16.50 || 70.01] 16.81 || 69.94) 17.11) 72 
73 | 71.13 | 16.42 || 71.06 | 16.73 | 70.98 17.04 || 70.91 | 17.35) 73 
74 | 72.10 | 16.65 || 72.03.) 16.56 72.93 17.28 || 71.88) 17.59 | 74 


on 
4 
OV 
oO 
or 
> 
i 
to) 
iy 2) 
4] 


Do 
cw 
mon 
@~ 
ear 
1 Pe 
for k~) 
a 
Ute 
ww 
cn 


72.93 | 17.50 | 72.85 ])17,.83 | 75 
76 | 74.05 | 17.10 || 73.93 | 17.42 || 73.90; 17.74 || 73.82 | 18.06) 76 
77 | 75.03 | 17.32 || 74.95 | 17.65 | 74.87 | 17.98 || 74.79 | 18.30] 77 
78 | 76.00| 17.55 || 75.92 | 17.88 || 75.84) 18.21 ] 75.76 | 18.54 78 
79 | 76.98 | 17.77 | 76.90 | 18.11 || 76.82 | 18.44 || 76.74 | 18.78) 79 
80 | 77.95 | 18.00 || 77.87 | 18.34 || 77.79 | 18.68 || 77.71 | 19.01 | 80 


81 | 78.92 | 18.22 || 78.84 | 18.57 | 78.76 | 18.91 | 78.68 | 18.25] 81 
82 | 79.90 | 18.45 || 79.82 | 18.79 || 79.73 | 19.14 |] 79.65 | 19.49] 82 
83 | 80.87 | 18.67 || 80.79 | 19.02 | 80.71 | 19.38 || 80.62] 19.73, 83 
84 | 81.85 | 18.90 || 81.76 | 19.25 || $1.68 | 19.61] 81.59] 19.97} 84 
85 | 82.82] 19.12 || 82.741 19.48 | 82.65 | 19.84 || 82.56 | 20.20] 85 
86 | 83.80 | 19.35 || 88.71 | 19.71 | 83.62 | 20.08 || 83.54 | 20.44 | 86 
87 | 84.77 | 19.57 || 84.68 | 19.94 | 84.60 | 20.31 | 84.51 | 20.68} 87 
88 | 85.74 | 19.80 || 85.66 | 20.17 || 85.57 | 20.54 || 85.48 | 20.92 | 88 
89 | 86.72 | 20.02 || 86.63 | 20.40 || $6.54 | 20.78 |] 86.45 | 21.15} 89 
90 | 87,69 | 20.25 || 87.60 | 20.63 || 87.51 | 21.01 || 87.42 | 21.39; 90 
91 | 88.67 | 20.47 || 88.58 | 20.86 | 88.49 | 21.24 || 88.39 | 21.63, 91 
92 | 89.64] 20.70 | 89.55 | 21.09 | 89.46 | 21.48 | 89.36 | 21.87) 92 
93 | 90.62 | 20.92 1 90.52 2° 32 | 90.43 | 21.71 || 90.33 | 22.10) 93 
94/ 91.591 21.15 |] 91.50 | 21.54 | 91.40 | 21.94 | 91.31 | 22.34, 94 
9A | 92.57 | 21.37 || 92.47 | 21.77 | 92.38 | 22.18 || 92.28 | 22.58; 95 
86 | 92.54! 21.60 || 93.44 | 22.00 | 93.35 | 93.25 | 22.82] 96 
97 | 94 51] 21.82 |] 94.42 | 22.23 | 94.32 | 1 94.22| 23.06] 97 
83} 95 49] 22,05 || 95.39 | 22.46 || 95.29 | 22.88 | 95.19 | 23.29, 9s 
99/96 46 | 22.27 || 96.36 | 22.69 | 96.26 | 23.11 || 96.16 | 23.53 | 99 
00 | 97.44 | 22.50 || 97.34 | 22.92 | 97.24 | 23.34 || 97.13 | 23 77 


8 seo! Lat. | Dep. ; Lat. t Dep. | Lat, Dep. | Lat. 


75 | 73.08 | 16.87 || 73.00 | 17.19 


ww 
wn 
oO 
ae 


52 | 50.67 | 11.70 |) 50.62 | 11.92 | 50.56 | 12.14 || 50.51] 12.36 52 
j 


| 
| 75% Deg, 76} Deg. | 


100 TRAVERSE TAbLE. 


1 
S| 14 Deg. 14} Deg. 141 Deg. || 143 Deg. | o 
aan 2 Z -| Py 
8 ! Lat. | Dep. || Lat. | Dep. || Lat. | Dep. || Lat. | Dep. | g 
i| 0.97] 0.24|| 0.97| 0.251) 0.97] 0.25) 0.97) 0.25) 1 
2| 1.94} 0.49|| 1.94] 0.49 ]] 1.94! 0.50|| 1.93] 0.51] 2 
3| 2.91! 0.731 2.911 0.74]] 2.90] 0.75|| 2.90) 0.76! 3 
4| 3.88; 0.97]| 3.88| 0.98] 3.87! 1.00! 2.87| 1.02] 4 
5| 4.85! 1.21], 4.85| 1.23) 4.84| 1.25|/ 4.sa! 1.27) 5 
6] 5.82! 1.45] 5.82| 1.48] 5.81) 1.50] 5.80] 1.531 6 
7 6.79, 1.69]| 6.78} 1.72] 6.78| 1.75}) 6.77; 1 78{ 7 
8: 7.76| 1,94|| 7.75] 1.97] 7.75| 2.00]] 7.74; 2.041 38 
9| 8.73! 2.18] 8.72| 2.22] 8.71| 2.25]) 8.70 2-29 | 9 
10} 9.70| 2.42] 9.69/ 2.46] 9.68] 2.50] 9.67| 2.55! 10 
11|10.67| 2.66|/10.66| 2.71 || 10.65| 2.75//10.64; 2.80] i1 
12/11.64| 2.90||11.63] 2.95|/11.62| 3.00/111.60| 3.06] 12 
13 | 12.61] 3.15] 12.60] 3.20] 12.59! 3.25]112.57| 3.31] 13 
14] 13.58; 3.39] 13.57| 3.45//13.55| 3.511/13.54| 3.56] 14 
15|14.55| 3.63) 14.54] 3.69 |114.52| 3.76]114.51] 3.82] 15 
16|15.52; 3.87]}15.51] 3.94115.49| 4.01}}15.47| 4.07] 16 
17/16.50} 4.11]/16.43| 4.18} 16.46] 4.26|/ 16.44] 4.33] 17 
18)17.47| 4.35])17.45| 4.43/}17.43| 4.51]/17.41| 4.58] 18 
19} 18.44] 4.60 || 18.42) 4.68} 18.39! 4.76 |] 18.37). 4.84] 19 
20/19.41] 4.84] 19.38! 4.92 | 19.36] 5.01|/ 19.34] 5.09] 20 
21 }20.38| 5.08 | 20.35| 5.17 | 20.33) 5.26|/20.31| 5.35| 21 
22.) 21.35| 5.32 |) 21.32] 5.42 1121.30] 5.51/1 21.28] 5.60! 22 
23 | 22.82) 5.56 | 22.29| 5.66 || 22.27! 5.76|/292.24| 5.86| 23 
24123.29| 5.81 || 23.26] 5.91 | 23.244 6.011} 23.21] 6.14] 24 
25 | 24.26; 6.05 || 24.23] 6.15 |] 24.20] 6.26|1 24.18] 6.37] 25 
26 | 25.23) 6.29 1125.20] 6.40 125.17] 6.51|125.14| 6.62) 26 
27 | 26.20) 6.53 126.17) 6.65 126,14] 6.76126.11| 6.87] 27 
28} 27.17) 6.77 || 27.14] 6.89 || 27.11] 7.01 || 27.08} 7.13] 28 
29} 28.14: 7.02 128.11] 7.14|| 28.08! 7.261128.04) 7.38] 29 
30 | 29.11| 7.26 129.08] 7.38 | 29.04[- 7.51 |!29.01| 7.64] 30 
31 |} 30.08) 7.50 | 30.05| 7.63) 30.01| 7.76 ||29.98| 7.89|~31 
32 |31.05) 7.74 || 31.02] 7.88|| 30,98] 8.01 |/30.95| 8.15] 32 
33 132.02] 7.98 /31.98| 8.12] 31.95!° 8.26 1131.91] 8.40] 33 
34 | 32.99! 8.23 || 32.95] 8.37/|'32.92| 8.51 ]|32.88| 8.66] 34 
35 |33.96| 8.47 ||33.92| 8.62) 33.89| 8.76 |133.85| 8.911] 35 
36 | 34.93] 8.71 || 34.89] 8.86 || 34.85] 9.01 1134.81] 9.17] 36 
37 135.90! 8.95 135.86, 9.11 | 35.82| 9.26 |135.78| 9.421 37 
38 | 36.87} 9.19 ||36.83| 9.35] 36.79! 9.51||/36.75| 9.67] 38 
39 | 37.84) 9.44 |137.80] 9.60]| 37.76] 9.76 |/37.71| 9.93| 39 
40 | 38.81| 9.68 ')38.77| 9.85 || 38.73 | 10.02 |/38.68|10.18| 40 
41|39.78| 9.92 39.74] 10.09 || 39.69 | 10.27 |/39.67/10.44| i 
42 |40.75110.16 || 40.71 | 10.341) 40.66 | 10.52 || 40.621 10.691 49 
43 | 41.721 10.40 4.68 | 10.58 | 41.63 | 10.77 |/41.58/ 10.95) 4: 
44 | 42.69 | 10.64 || 42.65 110.83 || 42.60! 11.02 || 42.55} 11.20] 44 
46 | 43.66 10.89 || 43.62; 11.08 || 43.57 | 11.2711 43.521 11.46| 45 
46 | 44.631 11.13 |) 44.58 | 11.824 44.53 | 11.52 /144.48/11.711 46 
47 /45.60 11.87 | 45.55 | 11.57 |, 45.50) 11.77} 45.45/11 971 47 
48 146.57 11.61 | 46.52 | 11.82] 46.47! 12-02 | 46.421 12.92} 49 
49!47,54) 11.85 | 47.491 12.06 | 47.44 | 12.27 |) 47.39'12 48 49 
5G | 48.51 | 12.10 | 48.46 | 12.31]! 48.41 | 12.52 || 48.35] 12 73 50 
« | | et ~ ey 
5 , Dep | Lat. || Dep. | Lat. | Dep. | Lat. || Dep. | Lat. | 8 
= £ es, Ales a ee : |’ § 
3 3 
= Ue 
a 76 Deg. || 75? Deg. |! 75} Deg. 75} Deg. A 
{ \ \ 


a nr TA EY EN SC Se t 


| 


oe 
~ 
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Distance, 


a 
= 
bo 


TRAVERSE TABLE. 


o | 15 Deg 154 Deg. | 155 Deg. | 153 Deg. a 
& | sy 
z |- ~—- Thee 
2 | Lat. | Dep, || Lat. Dep. | Lat. | Dep. Lat. | Dep.} 8 
““T| 0,97] 0.26 || 0.96] 0.26 || 0.96) 0.27) 0.96| 0.27| 1 
2: 1.93). 0.52 ||-1.93| 0.53] 1.93) 0.53 |] 1.92) 0.54 2 
3| 2.90| 0.78 || 2.89) 90.79 ]} 2.89] 0.80}) 2.89] 0.81 J 
4, 3.86] 1.04] 3.86] 1.05 || 3.85} 1.07]| 3.85) 1.09 4 
5 | 4.83] 1.2 4.82| 1.32]| 4.82] 1.84] 4.81] 1.36 5 
6; 6.80] 1.55] 5.79] 1.58]) 5.78] 1.60]| 5.77] 1.63 6 
71 6.76) 1.81 |) 6.75! 1.84]) 6.75) 1.87]] 6.74] 1.90 7 
Sy 2 E73) VOC 772 QO Weert | Metal 7 S70 [eee 8 
9} 8.69} 2.33 || 8.68} 2.371!) 8.67| 2.41]/ 8.66] 2.44 9 
10} 9.66} 2.59 || 9.65} 2.63 || 9.64] 2.67|| 9.62] 2.71] 10 
11 |10.63| 2.85 || 10.61| 2.89 ||10.60| 2.94|\10.59| 2.99) 11 
12} 11.59] 3.11|/ 11.58] 3.161] 11.56] 3.211/11.55| 3.26] 12 
13] 12.56] 3.36 ]12.54] 3.42 ||12.53| 3.47] 12.51] 3.53] 13 
14/13.52| 3.62 ||13.51] 3.68 || 13.49| 3.74||13.47] 3.80] 14 
15 | 14.49} 3.88 || 14.47] 3.95 || 14.45] 4.01 ||14.44] 4.07] 15 
16]15.45| 4.14]|/15.44| 4.21 ||15.42| 4.28//15.40] 4.34] 16 
17 | 16.42 | 4,40 ||16.40| 4.47 || 16.38] 4.54)|/16.36| 4.61] 17 
18 |17.39| 4.66 ||17.37| 4.73 ||17.35} 4.81 || 17.32} 4.89] 18 
19 | 18.35] 4.92] 18.33| 5.00 /18.31| 5.08 || 18.29] 5.16| 19 
20 | 19.32] 5.18} 19.30] 5.26 }19.27| 5.34])19.25| 5.43| 20 
21 |20.28| 5.44 | 20.26! 5.52 /20.24| 5.61) 20.21| 5.70| 21 
22 | 21.25] 5.69 | 21.23 | 5.79 121.20] 5.88] 21.17]. 5.97] 22 
23 | 22.22] 5.95] 22.19! 6.05 | 22.16} 6.15 || 22.14|} 6.24] 23 
24 | 23.18, 6.21 23.15] 6.31) 23.13] 6.41) 23.10| 6.51] 24 
25 | 24.15) 6.47 |124.12| 6.58 || 24.09} 6.68 124.06] 6.79| 25 
26 | 25.11) 6.73 125.08] 6.84 /| 25.05] 6.95 || 25.02; 7.06; 26 
27|26.08| 6.99 ||26.05| 7.10 || 26.02] 7.22)|25.99! 7.331 27 
28} 27.05] 7.25 || 27.01] 7.36 || 26.98] 7.48 1126.95| 7.60] 28 
29/ 28.01) 7.51 |/27.98| 7.63)|27.95| 7.75)|27.91| 7.87| 29 
30) 28.98 | 7.761 28.94} 7.89 || 28.91] 8.02]128.87] 8.14] 30 
31.) 29.94) 8.02 |) 29.91] 8.15 || 29.87] 8.28]129.84| 8.41] 31 
32 | 30.91) 8.28 || 30.87] 8.42|| 30.84] 8.55 /130.80| 8.69] 32 
33 )31.88 | 8.54 /31.84| 8.68 || 31.89] 8.821131.76| 8.96] 33 
34 | 32.84] 8.80 | 32.80] 8.94] 32.76! 9.09 || 32.72] 9.23] 34 
35 /33.81] 9.06 33.77] 9.21 133.73] 9.35 || 33.69) 9.59] 35 
( 36) 34.77) 9.32 34.73] 9.47|/ 34.69] 9.62]1/34.65| 9.77] 36 
37 |35.74| 9.58 135.70) 9.73] 35.65] 9.89 |135.61] 10.04; 37 
38 | 36.71) 9.84 || 36.66 | 10.00 || 36.62 | 10.16 || 36.57] 10.3:] 38 
39 | 37.67 110.09 || 37.63 | 10.26 || 37.58 | 10.42 137.541 10.59) 39 
40 | 38.64 | 10.35 || 38.59 | 10.52 || 38.55 | 10.69 38.50 | 10.86] 10 
41 | 39.60 | 10.61 || 39.56 | 10.78 || 39.51 | 10.96 |139.46/11.13| 41 
42 + 40.57 | 10.87 || 40.52 | 11.05 || 40.47 | 11.22 || 40.42111.40! 49 
43) 41.63 | 11.13 || 41.49 | 11.31] 41.44] 11.49 || 41.39 | 11.67 43 
44 | 42.50 111.39 || 42.45 | 11.57 || 42.40] 11.76 42.35 / 11.94 14 
45 | 43.47 | 11.65 |! 43.421 11.84 || 43.36 | 12.03 || 43.31] 12.21] 46 
161 14.43) 11.9: | 44.38 | 12.10} 44.33 | 12.29 || 44.27/12.49| 46 
47 45.40) 12.16 || 45 35) 12.36 || 45.29) 12.56 '45.24112.76| 47 
48 46.36 | 12.42 || 46.31 | 12.63 || 46.25 | 12.83 || 46.20 | 13.03 48 
49 47.33 | 12.68 || 47.27] 12.89 || 47.22] 13.09 || 47.16 13.30} 49 
50 , 48.30 12.94 || 48.24 | 13.15 || 48.18 | 13.36 || 48.12 | 13.57 50 
g | Dep. | Lat. | Dep. | Lat || Dep. | Lat. || Dep. | Lat 3 
3 | | : 
B 3 
5 15 Deg. 74} Deg 74: Deg. 74} Deg. Qa 


4 
d 
/ 


TRAVERSE TABLE. 


|| 54.03 


49.20 
50.17 
51.13 
52.10 
53.06 


54.99 
55.96 
56.92 
57.89 


| 63.68 
| 64.64 
| 65.61 


58.85 
59.82 
60.78 
61.75 
62.71 


| 66.57 | 
67.54 | 


68.50 | 
69.46 
70.43 
71.39 
72.36 
73.32 
74.29 
75.25 
76.22 
77.18 | 


2179.11 


78.15 | 


80.08 
81.04 
82.01 
82.97 
83.94 
84.90 
85.87 
86.83 


| 90.69 


87.80 
88.76 
89.73 


91.65 
92.62 
93.58 
94.55 
95.51 
| 36.48 | 


Cep. 


743 Deg. 


9 
27.14 100 


ra) 
2 
a 
s 
~ 
it) 
oe 
g& 


104 TRAVERSE PABLE. 


BYUUYSI CT 


WOBDNANPWNWH OS 


ow 
iy 
| SO DIR OE COW 


i 
S/OCOONOIUPWNH SC 


DWorntPwnonwe]@® 


DB OV} Or Or Or > > HR GO CO 09 9] 0 
AD SCWHA DON POC 


- @ 
(acs wt ha 


WDWIDWONKWODNW 
WWILIARNDOCW WP 


BD WD DrBrPWNID ADD OV} v 
DINW PD Die = DINW OS 
SW PUN DONWWUD| @ 


sie we, 


INWOR WH w 3 
OH Unt on ; 


39.26 
40.22 
41.18 
01 12.13 
43.09 
44.05 
45.01 
45.961 13.8: 
46.92) 14.12 
47.83] 14.41 


Dep. | Tat. 


Bele Ree 
SK lL SOCOM OCCO OD DINVUBDWMOMNNOSP PP PWWWWI NNN ERK HOOD 


we 
fa 


a 
PWWWwWnNnww 


734 Deg. 


TRAVERSE TABLE. 


S4 16 Deg 

= 

2 Tan | Dep | | 
e Lat. | Dep. | S 
51 | 49.02 | 14.06 

52 | 49.99 | 14.33 : 
53 50.85 | 14.61 9 
54 | 51.91 | 14.88 f 
55 | 52.87 | 15.16 | j 
56 | 453.83 | 15.44 | 

57 |54.79 115.71 : : 
58 155.75 | 15.99 | : 58 | 
59 156.71 | 16.26 : : 
60 | 57.68 | 16-54 : : j 
$1158.64 /16.81 | 538. 5 e é 3 

62 159.60 | 17.09 | 59.52 117.35 || 59.45 | 17.61 || 59.37| 17.87] 69 
63 | 60.56 | 17.37 | 50 48 | 17.63] 60.41 | 17.89 || 60.33! 18.16] 63 
64 61.52 | 17.64 | 61-44 | 17.91 || 61.36 | 18.18) 61.88 | 18.44] 64 
65 | 62.48 | 17.92 | 62.40; 18.19 |] 62.32! 18.46 || 62.24] 18.73] 65° 
66 | 63.44 | 18.19 | 63.35 | 18.47 || 63.28 | 18.74 || 63.20] 19.02] 66 
67 164.40 | 18.47 | 64.32 | 18.75 || 64.24] 19.031] 64.16 | 19.31] 67 
68 165.37 | 18.74 | 65.28 | 19.03 || 65.20) 19.31 || 65.11119.60| 68 
69 | 66.33 | 19.02 | 66.24 | 19.31 || 66.16 | 19.60 || 66.07| 19.89] 69 
70 | 67.29 119.29 || 67.20 | 19.59 || 67.12] 19.88] 67.03 | 20.171 70 
71 | 68.25 | 19.57 | 68.16 | 19.87 || 68.08 | 20.17]|| 67.99 | 20.46 | 77 
72 | 69.21 | 19.85 | 69.12 | 20.15 || 69.03 | 20.45 || 68.95 | 20.751 72 
73 | 70.17 | 20.12 | 70.08 | 20.43 || 69.99 | 20:73 || 69.90 | 21.04} 73 
74 | 71.13 | 20.40) 71.04 | 20.71 || 70.95 | 21 02}: 70.86 | 21.33] 74 
79 | 72.09 | 20.67] 72.00 | 20.99 || 71.91 | 21.30) 71.82) 21.61] 75 
76 | 73.06 | 20.95 || 72.96 | 21.27 || 72.87 | 21.59 || 72.78 | 21.90 | 76 
17 | 74.02 | 21.22 | 73.92] 21.55 || 73.83 | 21.87 || 73.73 | 22.19 | 77 
78 | 74.98 | 21.50 || 74.88 | 21.83 || 74.79 | 22.15 || 74.69. 22.48] 78 
79 | 75.94 | 21.78 || 75.84 | 22.11 || 75.75 | 22.44 || 75.65 | 22.771 79 
80 | 76.99 | 22.05 || 76.80 | 22.39 || 76.71 | 22.72 || 76.61 | 23.06 | R80 
81 | 77.86 | 22.33 || 77.76 | 22.67 || 77.66 | 23.01 || 77.56 | 23.34 | “81 
82 | 78.82 | 22.60 || 78.72 | 22.95 || 78.62 | 23.29 || 78.52 | 23.63] 82 
83 | 79.78 | 22.88 || 79.68 | 23.23 || 79.58 | 23.57 || 79.48 | 23.92] 83 
84 | 86.75 | 23.15] 80.64 | 23.51 || 80.54 | 23.86 || 80.44 | 24.21] 84 
85 | 81.71 | 23.43 || 81.60 | 23.79 || 81.50 | 24.14 |] 81.39 | 24.50] 985 
86 | 82.67 | 23.70 || 82.56 | 24.07 || 82.46 | 24.43 | 82.35 | 24.78] 86 
87 | 83.63 | 23.98 || 83.52 | 24.35 || 83.42 | 24.71 | 83.31 |25.07| 87 
88 | 84.59 | 24.26 || 84.48 | 24.62 || 84.38] 24.99 | 84.27] 25.36] 88 
89 | 85.55 | 24.53 || 85.44 | 24.90 || 85.33 | 25.28 || 85.22|25.65| 98g 
90 | 86.51 | 24.81 || 86.40 | 25.18 || 86.29 | 25.56 || 86.18 | 25.94 | 90 
91 | 87.47 | 25.08 || 87.36 | 25.46 || 87.25 | 25.85 || 87.14 | 26.23 | 91 
92 | 88.44 | 25.36 || 88.32 | 25.74 || 88.21 | 26.13 || 88.10 }26.51] 99 
93 | 89.40 | 25.63 || 89.28 | 26.02 || 89.17] 26.41 || 89.05 | 26.80] ga 
94 | 90,26 | 25.91 || 90.24 | 26.30 || 90.13] 26.70 || 90.01 | 27.09} 94 
95 | 91.32 126.19 || 91.20 | 26.58 || 91.09 | 26.98 || 90.97127.38] 95 
96 | 92.28 | 26.46 | 92.16 | 26.86 || 92.05! 27.27 |191.93| 27.67] 96 
97 | 93.24 | 26.74 | 93.12 | 27.14 || 93.01 | 27.55 || 92.88 |27.95| 97 
98 | 94.20 | 27.01 | 94.08 | 27.42 ', 93.96 | 27.83 || 93.84 |28.24| ga 
99 | 95.16 | 27.29 || 95.04 | 27.70 1, 94.92 | 28.1211 94.80 128.53} 99 
100 | $6.13 | 27.56 | 96.00 | 27.98 |/ 95.88 | 28.40 || 95.76 | 28.82 +700 
8 Dep. | Lat. | Dep. | Lat. || Dep. | Lat. || Dep. | Lat 8 
Ss | yea | gi 
Q u 
Q| 74 Deg. 73% Deg. 734 Deg 724 Deg a 


Reals 8 


106 TRAVERSE TABLE. 


S 17 Deg. 174 Deg. 173 Deg. || 173 Deg. Fi 
ay . D 
5 it z j E 
8 Lat. Dep. | Lat. | Dep. || Lat. | Dep. |} Lat. | Dep a" 
Elton 729 || 0.95 5 $2 
{098 Tan og oar) cas -a.20|-a.a5| aca | ~ 
3 2.83 0.38 2-87/ 0.89] 2.86/ 0.90] 2°86| 0.91) 3 
4/ 3.83] 1-17} 3.82] 1.19] 3:81] 1:20] 3:81 1.22] 4 
By £3! 148] are] 14s 4.77| 1.50) 4.76! 1.52) 5 
7| 6.69 2.05 6.69] 2.08]| 6.63 aes pte a 
, 81 7.65) 2.34) 7.64) 2.37] 7-63 | 2:41] 7:62] 2.44] 9 
S85] S| Sab] | ash] en ety Ea 8 
‘11 | 10.52) 3.22 10.5 3.26 Tire 5 ip ae = “ 
12 | 1.48) 3.511 11.48] 3.56 /11.44| 3161 | 11.43] 3.66 12 
14] 18:30] 4:09] 13:37] acee | e742] 3-981) 22-38] 3-90) 13 
15 14.34 590 Taras | ia aed salen) ears = ise i. 
16) 15.30) 4.68 15.28 4.74) 15.26 | 4.81] 15.24/ 4:88) 16 
1817-21] 5.26] 17:19] 3.34 izi7| sai lircial eas! 4g 
19|18.17| 5.56|/18115| 6 63118.12| S.7tll is:io| evel oe 
20 }19.13] 5.85] 19:10! 5.93! 19.07 ae iocOE 6.10 on 
4 a0 8 ae Bre §-23 || 20.03 | 6.31 || 20.00 | 6.40| “a 
oa |atiog| b:48 | 2!-91) 6 52 | 20-98 | 6-62//20:95) 6:71] 22 
bi (ahige| S:g2 21-97] 6.82) 21-94) 6.92) 21791] 7.01] 93 
aelaacor| yia7 Wasieg| 2d? | 22-89) 7-22]] 22:86] 7-32] 24 | 
od | Sted! oon eoree| 7 41] 23-84 7:52 |) 23°81] 7:62] 35 
27/25.82| 7.89 195.791 aol loons | oroeleaiee| 2793] 26 
B8'196°781 cts aay ae z 75 Sole 23s 8.23 Ar 
29 |27.73| 8.48 |l27.70! 8 60 Sri ies oes Agee: 
3028.69 8:77 |28.65| 8:90 28.61 | 90a llagce7| ocoe ss 
31 129.65] 9.06 || 29 : 35 ||39- a6 ai | 
33 |'31.56| 9:65/31.52| 9.79 | 31.47 | ocoe ll ae vas bee & 
34 /22.51| 9.94 || 39. 43 | 10:22 |/ 3258 | 10. 
35 | 38/471 10.98 || saa Te paige 10cae onion eke 
36 | 34.43 | 20.53 | 34/38 | 10/68 | 34.33 | 1016s ll shine | tocee | 25 
37 | 35.38 | 10.82 | 35.34] 10.97 |] 35.99 fate ips orl ay oiieey 
88 | 96.34 | 1107 | socag | 1or97 | 35-29 | 11-28] 85 24| 11.28] a7 
39 | 37130 | 11240 | sorge | 1-24 | 86-24] 11-43 |/ 36.19 11.58 | 38 
AD | 38.25 | 11.69 | 88.20} 11.86 || 36:18 | foros 38.10 ioe io | 
41 |39.21/ 11.99 ||39.16| 12.161 39.) 3: “0512.50 | a | 
42 40.16 | 12.28 4071} (e146 40.08 188 40:06 ioe - 
3/ 41.12) 12.57 141.07] 19 : 2195 +95.| 13, a 
41 42.08 12.86 ean Isher reer ines re iB i i 
5} 43.03 13.16 |] 42. ‘34|| 49! ; ; ; 
46) 43.99 13145 | aseg ie a3 ed (eel con ee et | 
47 | 44.95 | 13.74 | 44/89 | 13194] 4499 | 14719 | ancv0 rues a 
48 | 45.90! 14.03 | 45.8 "93 || 45. “43 || 45. = 
49 46.88 | 14.33 48.80 | 14.33 a6.y3 | 14.73 16.67 | 14g a 
50 | 47.82 | 14.62 | 47.75 | 14:83 |] 47.69 | 15.04 47.621 15.241 50| 
: eee j Lat. | Dep. | Lat. | Dep. | Lat. || Dep. ! Lat. 3 
a A " Sod (oat 
(sel 
73 Deg. || 723 Deg. 72} Deg. 723 Deg. | & | 


ee i Rae rd ok te 


RTAwo AT 


TRAVERSE 


17} Deg. 


TABLE. 


174 Deg. 


“| 


Lat. | Dep. 


Lat. | Dep. | : 


149.66 | 15.42 
| 50.62 | 15.72 
151.57 |16.01 


148.71 | 15.12 


52.53 | 16.31 
53.48 | 16.61 
54.44 | 16.90 
55.39 | 17.20 
56.35 | 17.50 
57.30 | 17.79 


48.64 | 15.34 
49.59] 15.64 
50.55 | 15.94 
51.50 | 16.24 
52.45 | 16.54 
53.41 116.84 
54.36] i7.14 
55.32 | 17.44 
56.37 | 17.74 
57.22! 18.04 


wo 
Wwe 
oe 
to @ 
—— 
IO 
om 
aw 
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i) 
AALS SZ eourjsig 


oS 
BaF DU ee EOD | 


on 


~ 
rea) 
cS 
o 


58.26 
59.21 | 18.39 
60.17 | 18.68 
61.12 | 18.98 
62.08 5 
63.03 | 19.57 
63.99 | 19.87 
64.94 | 20.16 
65.90 | 20.46 
66.85 | 20.75 


58.18 | 18.34 
59.13 
60.98 
61.04 
61.99 | 19.55 
62.95 | 19.35 
63.90 | 20.15 


65.81 | 20.75 


18.64 || 5¢ 
18.94 |! 60.¢ 
19.25 


64.85 | 20.45 || 64 


|| 69.72 | 21.65. 
70.67 | 21.94 


| 67.81 | 21.05 
68.76 | 21.35 


71.63 | 22.24 


73.54 | 22.83 
74.49 | 23.13 
715.45 | 23.43 | 
76.40 | 23.72. 


66.76 | 21.05 
61:71 | 21.88 


|63.67121.65 


69.62 | 21.95 


| 70.58 | 22.25 
171.53 | 22.55 
72.58 | 22.54 || 72.48 | 22.85 


73.44 | 23.15 
74.39 | 23.46 
75.34 | 23.76 
76.30 | 24.06 


S 
2 


71.43 | 22. 


77.36 | 24.02 
78.31 | 24.32 
79.27 | 24.61. 
80.22 | 24.91 | 
81.18 125.21. 
82.13 | 25.50 | 
83.09 | 25.380 
84.04 | 26.10 
85.00 | 26.39 | 


| 85.95 | 26.69 | 


77.25 | 24.36 
78.20 | 24.66 
79.16 | 25.96 
80.11 
81.07 | 25.56 
82.02 | 25.86 


83.93 | 26.46 
84.88 | 26.76 
85.83 | 27.06 


25.26 | 


182.97 26.16 |. 


wWwwwlwwwwer 


‘ UCN Hes i tee ee ww 
ww 
<=] 


86.91 | 26.99 | 
87.86 | 27.28 
88.82 | 27.58 
89.77 | 27.87 | 


91.68 | 28.47 
92.64 | 28.76 
93.59 | 29.06 | 
94.55 | 29.36 
95.50 | 29.60 | 


6.79 | 27.36 


| 87.74 | 27.66 
| 83.70 27.97 


89.65 | 28.27 


90.73 | 28.17 |, 90.60 28.57 


91.58 28.87 
92.511 29.17 
93.46 29.47 
194.42 | 29.77 


95.37 | 30.07 || 


Dep. | Lat. 


724 Deg. 


Distance. 


108 TRAVERSE TABLE. 
RR ae 
7) | 18 Deg 183 Deg. 183 Deg. 187 Deg. Sy 
a a 
| His er eee es 
@ | Lat. | Dep. || Lat. Dep. || Lat | Dep. || Lat. | Dep. | ¢ 
1} 0.95| 0.31] 0.95, 0.31|| 0.95] 0.32]| 0.95) 0.32; i 
2! 1.90] 0.62|| 1.90] ¢.63/ 1.90] 0.63]] 1.89} 0.64] 2 
31 2.85] 0.93] 2.85] 9.94] 2°84) 0.95|| 2.84] 0.96] 3 
4) 3.80 1.24] 3.80] 1.25 379 1.27]| 3.79|-1 29; 4 
5; 4.76| .1.55|| 4.75] 1.57|| 4.74] 1.59]| 4.73| 1.61) 5 
6} 5.71) 1.85]] 5.70] 1.88]] 5.69] 1.90!) 5.68] 1.93| 6 
7| 6.66| 2.16|| 6.65| 2.19) 6.64| 2.22]| 6.63| 2,25! 7 
8| 7.61, 2.47] 7.60| 2.51]) 7.59| 2.54|} 7-58] 2.57: 8 
9) 8.58) 2.78) 3.55] 2.82] 8.53, 2.86 8.52] 2.89| 9 
10| 9.51] 3.09}! 9.50] 3.13] 9.48, 3.17]! 9.47] 3.21) 10 
-11/10.46 | 3.40 10.45 | 3.44 110.42. 3.49 || 10.42] 3.54) i 
12]11.41] 3.71]/11.40| 3.76 |] 11.38) 0 81|/ 11.36] 3.86] 12 
13/12,.36] 4 02) 12.35) 4.07] 12.33] 4 12) 12.31] 4.18] 13 
14/13.31] 4 33//13.30) 4.38 ||13.28] 4.441/13.26] 4.50] 14 
15|14.27| 4.64] 14.25} 4.70] 14.22! 4.76)| 14.20] 4.82] 15 
16 | 15.22] 4.94]/15.20] 5.01 {1 15.17; 5.081 15.15] 5.14] 16 
17|16.17| 5.25|/16.14| 5.321) 16.12! 5.39|) 16.10] 5.46] 17 
18|17.12] 5.56]/17.09| 5.64]/17.07| 5.71 || 17.04| 5.79) 18 
19 | 18.07] 5.87)/ 18.04] 5.95|/18.02| 6.03] 17.99] 6.11} 19 
20 | 19.02] 6.18|| 32.99] 6.26 || 18.97] 6.35 || 18.94] 6.43] 20 
2L| 19.97] 6.49 || 19.94| 6.58|/19.91| 6.66 || 19.89! 6.75| 21 
22 | 20.92] 6.80|/ 20.89] 6.89 || 20.86] 6.98 || 20.83! 7.07] 22 
23} 21.87| 7.11|/ 21.84] 7.20]]/ 21.81] 7.30]/21.78; 7.39] 23 
24122.83| 7.42 ||22.79| 7.52) 22.76| 7.62 ''22.73| 7 71| 24 
25 |23.78| 7.73! 23.74] 7.83] 23.71] 7.93 !|23.67| 8.04! 25 
26 |24.73| 8.03 || 24.69] 8.14] 24.66] 8.25 | 24.62] 8.36, 26 
27 | 25.68] 8.341125.64| 8.46] 25.60| 8.57 |/25.57| 8.68.) 27 
28 | 26.63] 8.65 || 26.59| 8.77|| 26.55] 8.88/ 26.51] 9.00, 28 
29 |27.58| 8.96 || 27.54] 9.08|| 27.50| 9.20] 27.46] 9.32] 99 
30 | 28.53] 9.271) 28.49| 9.39) 28.45 | 9.52 |/28.41! 9.64) 30 
31 | 29.48] 9.58 || 29.44 | 9.71] 29.40| 9.84 |/29.35| 9.96! 31 
32 | 30.43] 9.89 || 30.39 | 10.02 || 30.35 | 10.15 | 30.30] 10.29] 3 
33 | 31.33 | 10.20 || 31.34 | 10.33 || 31.29 | 10.47 || 31.25 | 10.61 | 33 
34 | 32.34] 10.51 || 32.29 | 10.65 || 32.24 | 10.79 || 32.20] 10.93) 34 
35 | 33.29 | 10.82 || 33.24 | 10.96 || 33.19 | 11.11 |/33.14| 11.25 | 35 
36 134.24] 11.12 || 34.19 | 11.27] 34.14 | 11.42 |'34.09 | 11.57 | 36 
37 | 35.19 | 11.43 || 35.14] 11.59 || 35.09 | 11.74 |1$5.04| 11.89 | 37 
38 | 36.14) 11.74 || 36.09 | 11.90 |] 36.04 | 12.06 | 35.98] 12.21 | 38 
39 | 27.09 | 12.05 || 37.04 | 12.21 || 36.98 | 12.37 || 36.93 | 12.54 | 39 
40 | 38.04 | 12.36 || 37.99 | 12.53 || 37.93 | 12.69 || 37.88 | 12.36! 40 
41 | 38.99 | 12.67 || 38.94 | 12.84] 38.88 | 13.01 || 38.82 /13.181 41 
42 | 39.94 | 12.98 || 39.89 | 18.15] 39.83 | 13.33 ||39.77| 13.501 42 
43 | 40.90 | 13.29 || 40.84] 18.47 || 40.78 | 13 64] 40.72] 13.82 | 43 
44 | 41.85 | 13.60 |] 41.79 | 13.78 |] 41.73 | 18.96 |/41.66/14.14| 44 
45 ' 42.80) 13.91 || 42.74 | 14.09 |] 42.67} 14.28 || 42.61 | 14.46) 45 
46 ' 43.75 | 14.21 || 43.69 | 14.41 || 43.62 | 14.60 | 43.56 | 14.79 | 46 
47 44.70 | 14.52 || 44.64 | 14.72|| 44.57| 14.91 [144.51 115.11] 47 
18 45.65 | 14.83 || 45.59 | 15.03 || 45.52 | 15.23 45.45 | 15.43] 48 
49 | 46.60 | 15.14 || 46.54 | 15.35 || 46.47 | 15.55 ||46.40 | 15.75) 49 
60 47.55! 15.45 |] 47.48 | 15.66 || 47.42 | 15.87 || 47.35 | 16.071 50 
3 
13) 
S 
Zz 
a 
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| ~) 18 Deg, 184 Deg. | 183 Deg. 183 Deg. | 


Lat. | Dep. || Lat. | Dep. |} Lat. | Dep. || Lat. | Dep. | 


51 | 18.50 15.76 || 48.43] 15.97 | 48.36 | 16.18 |) 48.29 | 16.89] 51 
52 | 49.45 | 16.07 |! 49.38 | 16.28 || 49.31 | 16.50} 49,24) 16 71! 52 
53 | 50.41 | 16.38 | 50.33) 16.60 || 50.26 | 16.82 || 50.19 | 17.04" 53 
54/51.36' 16.69 || 51.28] 16.91 | 51.21) 17.13} 51.18 ,17.36 54 
55 | 52.31; 17.00 || 52.23 | 17.22 || 52.16 | 17.45 || 52.08 | 37.68] 35 
56 ) 53.26 | 17.30 || 53.18] 17.54 | 53.11 | 17.77 |] 53.03 | 18.00; 56] 
57 | 54.21! 17.61 || 54.73 | 17.85 || 54.05 | 18.09 || 53.98 | 18.32 | 57 
58 | 55.16 | 17.92 || 55.08 | 18. 55.00 | 18.40 || 54.92} 18.64: 58]. 
59 | 56.11 | 18.23 |) 56.03 | 18.48 || 55.95 | 18.72 || 55.87 | 18.96 | 99 
60 | 57.06 | 18.54! 56.98 | 18.79 56.90 | 19.04 || 56.82 | 19.29 | 60) 


61 | 58.01 | 18 85 || 57.93] 19.10 | 57.85 | 19.36 || 57.76 | 19.61! 61] 
62 | 58.97 | 19.16 | 58.88 | 19.42 || 58.80 | 19.67 | 58.71 | 19.93} 624 
63 | 59.92 | 19.47 || 59.83 | 19.73 || 59.74 | 19.99 |) 59.66 | 20.25} 63] 
64 | 60.87 | 19.78 || 69.78 | 20.04 || 60.69 | 20.31 | 60.60 | 20.57 | 64 
65 | 61.82 | 20.09 || 61.73 | 20.36 || 61.64 | 20.62 | 61.55 | 20.89 | 654 
66 | 62.77 | 20.40 || 62.68 | 20.67 || 62.59 | 20.94) 62.50 | 21.22 | 66 
67 | 63.72 | 20.70 || 63.63 | 20.98 || 63.54 | 21.26 |) 63.44 | 21.54 | 674 
G8 | 64.67 | 21.01 || 64.58 | 21.30 || 64.49 | 21.58 || 64.39 | 21.86 | 68} 
69 | 65.62 | 21.32 || 65.53 | 21.61 || 65.43 | 21.89 | 65.34 | 22.18 69 } 
70 | 66.57 ' 21.63 || 66.48 | 21.92 || 66.38 | 22.21 || 66.29 | 22.50 | 70 { 


71 | 67.53 | 21.94 || 67.43 | 22.23 || 67.33 | 22.53 || 67.23 | 22.82 | 715 
72 | 68.48 | 22.25 || 68.38 | 22.55 |] 68.28 | 22.85 || 68.18 | 23.14] 72 
73 | 69.43 | 22.56 || 69.33 | 22.86 || 69.23 | 23.16 || 69.13 | 23.47 | 73] 
74 | 70.38 | 22.87 || 70.28 | 23.174 70.18 | 23.48, 70.07; 23.79 | 74 
75 | 71.33 | 23.18 || 71.23 | 23.49 ]] 71.12 | 23.80 |) 71.02 | 24.11 | 75 
76 | 72.28 | 23.49 || 72.18 | 23.80 || 72.07 | 24.12 || 71.97 | 24.43 | 76) 
77 | 73 23 | 23.79 || 73.13-| 24.11 |] 73.02 | 24.45 || 72.91 | 24.75 | 77) 
78 | 74.18 | 24.10 || 74.08 | 24.43 || 73.97 | 24.75 || 73.86 | 25.07 | 78 | 
79 | 75.13 | 24.41 || 75.03 | 24.74 || 74.92 | 25.07 |) 74.81 | 26.39 | 794 
80 | 76.08 | 24.72 || 75.98 | 25.05] 75.87 | 25.38 || 75.75 | 25.72 | 80] 


81| 77.04 25.03 | 76.93 | 25.37|| 76.81 | 25.70 || 76.70 | 26.04 | 81} 
82 | 77.99 | 25.34 || 77.88 | 25.68 | 77.76 | 26.02 || 77.65 | 26.36 | 825 
83 | 78.94 | 25.65 || 78.83 | 25.99 || 78.71 | 26.34 | 78.60 | 26.68 | 83 
84 | 79.89 | 25.96 || 79.77 | 26.31 || 79.66 | 26.65 | 79.54) 27.00 84 
85 | 80.84 | 26.27 || 80.72 | 26.62 || 80.61 | 26.97 | 80.49 | 27.32 | 855 
86 | 81.79 | 26.58 || 81.67 | 26.93] 81.56 | 27.29 | 81.44 | 27.64 | 86 
87 | 82.74 | 26.88 || 82.62 | 27.25 || 82.50 | 27.61 || 82.38 | 27.97 | S74 
88 | 83.69 | 27.19 || 83.57 | 27.56 || $3.45 | 27.92 | 83.33 | 28.29 | 88] 
89 | 84.64 | 27.59 || 84.52 | 27.87 || 84.40 | 28.24 || 84.28 | 28.61 | 895 
90 | 85.60 | 27.81 || 85.47 | 28.18 || 85.35 | 28.56 || 85.22 | 28.93 | 90 


9] | 86.55 | 28.12 || 86.42 | 28.50 || 86.30 | 28.387 || 86.17) 29.25 | 91 fF 
92 | 87.50 | 28.43 || 87.37 | 28.81 || 87.25 | 29.19 || 87.12 | 29.57 | 924 
93 | 88.45 | 28.74 || 88.22 | 29.12 || 88.19 | 29.51 |) 88.06 | 29.89 | 934 
94 | 89.40 | 29.05 || 89.27] 29.44 || 89.14 | 29.83 | 89.01 | 30.22 | 94 
95 90.35 | 29.36 || 90.22 | 29.75 |; 90.09 | 30.14 || 89.96 | 30.54 | 95 
96 91.30 | 29.67 || 91.17, 30.06 || 91.04 | 30.46) 40.91 | 30.86 | 96 
97 92.25 | 29.97 || 92.12] 30.38] 91.99 | 30.78 | 91.85 | 31.18) 97 
98 | 93.20 | 30.28 || 93.07! 30.69 || 92.94 | 31.10 || 92.80 131.50) 98 
99 | 94.15 | 30.59 || 94.02 | 31.00 | 93.88 | 31.41 | 93.75 | 31.82) 99 
1 10C 95.11] 30.90 || 94.97 | 31.32] 94.83 | 31.73 ||-94.69 | 32 14 |.00 


SE 5 r= 


| Dep. Lat. || Dep. | Lat. |) Dep. | Lat. | Dep. | Lat. a 
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110 
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ee 


| 19 Deg 194 Deg. 194 Deg. | 19% Deg c 
io a 
E( : — f= 
8 Lat. | Dep. |} Lat. | Dep. || Lat. | Dep yiek: Dep: 3 
1, 0.95; 0.33]) 0.94] 0.33 0.94 | 0.33 | 0.94| 0,34 1 
2. 1.89" 0.365 1.89| 0.661} 1.89! 0.67). 1.88; 0.68 2 
2» 1284 1 70.98 2.83 | 0.99 | 2.83; 1.u0j| 2 82; 1.01 2 
45378.) e380! le BIS bh BeBe 3.77] 1.34]! 3.76] 1 35 4 
Boh 473 oD63-|) aevel> 6b) 4a 7A ESOT AL TA- 1) GOW! Seb 
6) 5.67] 1.95 5.66| 1.98 5.66:|. 2.001]' 5.65] 2.03 § 
7| 6.621! 2.28 6.61)" 2oSt 6.60] 2.34]| 6.59] 2.37 7 
8 | 97.56, 2.60 Geo |) 2.64 Woot Bose Te53|) BVO 8 
G9 ex8' Silk 298) S250) || 2297 8.48 | 3.00 8.47| 3.04 3 
10 | 9.46] 3.26)| 9.44] 3.30 9.43 | 3.34]| 9.41 3.38 _ ib 
ff. 11/10.40] 3.58 || 10.38] 3.63 || 10.37] 3.67 | 10.35 | 3.72 11 
12}11535] 3.91 1,11.33] 3.96 || 11.31] 4.01 ]} 11.29] 4.06 12 
13 | 12529) 4.23 || 19.27) 4.29 || 12.25: 4.34 ]/12.24] 4.39) 13 
14) 13.24] 4.56 || 13.22) 4.62 || 13.2 4.67|/12 18} 4.73) 14 
15| 14.18] 4.88 ]) 14.16] 4.95 ||14.14] 5.01 | 14.32 HOF 1-1 
16 | 15.13} 5.21 15.11! 5.28 || 15.08 | 5.34 | 15.0€ |, 5.41 146 
17 | 16.07) 5.53 |) 16.05} 5.60 || 16.02) 5.67 || 16 0@; 5.74) 17 
18/17.02| 5.86 || 16.99) 5.93 | 16.97; 6.01 | 16.94 | 6.08) 18 
19|}17.96| 6.19 || 17.94] 6.26 || 17.91 | 6.34 || 17.88}-6.42) 19 
20/18.91 | 6.51 ]/18.88! 6.59 ||/18.85| 6.68 || 18.82] 6.76} 20 
21)19.86| 6.84 ]119.83| 6.92 )/19.80| 7.01 1}19.76' 7.10) 21 
22 20.80] 7.16 |} 20.77} 7.25 || 20.74, 7.341] 20.71 7.43 2 
23.|.21.75'| 7.49) 21.71 | 77.58 || 21.68 | 7.68), 21.65 7.77 | 23 
24 |22.69| 7.81 122.66] 7.91 1 22.62 | 8.01 | 22.59; 8.11) 24 
25 | 93.64) 8.14 1123.60] 8.24]1 23.57] §.35| 23.53 8.45) 25 
26 | 24.58} 8.46 | 24.55| 8.57 || 24.51 | 8.68 || 24.47! 8.79] 26 
27 125.53] 8:79 | 25.49] 8.90 || 25.45] 9.01 || 25.41| 9.12| 27 
28 | 26.47) 9.12 126.43] 9.23) 26.39) 9.35 |) 26.35) 9.46) 28 
29 127.42) 9.44 1127.88) 9.56 1:27.34] 9.6811 27.29| 9.80) 29 
30 | 28.37] 9.77 || 28.32 |, 9.89 | 28.28 110.01 || 28.24] 1.14} 30 
31 | 29.31 | 10.09 || 29.27 | 10.22 || 29.22 | 10.35 129.18 |10 48| 31 
32 | 30.26 | 10.42 || 30.21 | 10.55 || 30.16 | 18.68 || 36.12] 10 81 32 
33 | 31.20 | 10.74 1 31.15) 10.88 || 31.11 | 12623 1)31.06]11 15| 33 
34 | 32.15 | 11.07 || 32.10] 11.21 4| 32.05 | 11.35 |}:32.00 11 49} 34 
35 | 33.09 111.39 | 33.04 11.54 || 32.99 | 11.68:|| 32.94 |11.83| 35 
36 | 34.04 | 1)..72 11 33.99 | 11.87 || 33.94 | 12.02 || 33.88 | 12.17] 36 
37 | 34.98 | 12.05 || 34.93 | 12.2 34.88 | 12.35 || 84.82 112.50] 37 
38 | 35.93 | 12.37 || 35.88 | 12.53 || 35.82 | 12.68 || 35.76 | 12.84] 38 
39 | 36.88 | 12.70 || 36.82 | 12.86 || 36.76 | 13.02 || 36.71 | 13.18] 39 
40 | 37.82 | 13.02 || 37.76 | 13.19 || 37.71 | 13.35 || 37.65 | 13.52] 40 
41 | 38.77 |.13.35 || 38.71 | 13.52 || 38.65 | 13.69 || 38.59 |13.86| 41 
42 | 39.71 | 13.67 || 39.65 | 13.85 || 39.59 | 14.02 | 39.53 | 14.19] 42 
43 | 40.66 | 14.00 |) 40.60) 14.38 || 40.53 | 14.35] 40.47] 14.55) 43 
14} 41.60] 14.32 | 41.54] 14.41 || 41.48 | 14.69 ||41.41114.87| 44 
46 | 42.55 | 14.65 || 42.48) 14.84 || 42.42 | 15.0% || 42.35)15.21) 45 
16 | 43.49} 14.98 || 43.43 | 15.17 || 43.36 | 15.36 | 48.29|15.54] 46 
47 144.441 15.30 || 44.37] 15.50 || 44.30 | 15.69 || 44.24 115.88) 47 
46 | 45.38 | 15.63 || 45.32) 15.83 || 45.25 | 16.02 || 45.18 | 16.22] 48 
49 | 46.33 | 15.95 || 46.26) 16.15 || 46.19 | 16.36 || 46.12 116.56) 49 
50 | 47.28 | 16.28 || 47.20! 16.48 || 47.13 | 16.69 || 47.06 116.80) 66 
8 Dep. | Lat. || Dep. | Lat. || Dep. | Lat Dep. | Lat, 3 
au | ie 
fs | 
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= 19 Deg. is} 
@ cy 
2 See ee s 
ao ' o 
8 Lat. Dep. 3 
: Bl /48 22) 16. “51 
16. 52 
« | 4 habd ee Ou 
| 17. 54 
erie 5 
, 


32.97 


Lat. 


70} Deg. 


1 


TRAVERSE TARLE. 


; ha aT SET CREN Toa TNT Ey 
S 20 Deg 203 Deg. 203 Deg. 20} Deg. o 
w D 
E | ¢ 
2 | Lat. | Dep Lat. | Dep Lat. | Dep Let. | Dep S 
1| 0.94| 0.84! 0.94; 0.35]! 0.94] 0.35]] 0.94; 0.3€ 
2} 1.88, 0.68 1.88} 0,69} 1287] 0270) T2387} “0.71 2 
312 2S -1503 I 2.81 | 1.04 1) 2.81) 1505 | 2281 Os 3 
ZR HTGINIES7 138.75 | PLis8i)- Se fo) (240N/ 3.74 te lee 4 
54570) 01.71 |) 4.69 1273) 45680 71575) 4.684) 177 5 
61° 5.64) 2.05)) 6.63) 2.08 |) 5.62) 2.10)|| 5.61) 2.43 6 
7| 6.58) 2.39]| 6.57] 2.42|| 6.56/ 2.45)|/ 6.55! 2.48 a 
897552) S374 Vel | Bar7 | 7649 | 22804] 7248 | e883 8 
9} 8.46)-3.08] 8.44] 3.12]. 8.48] 3.15]] 8.42]. 3.19 9 
10] 9.40) 3.42} 9.38)- 3.46 || 9.37] 3.50]) 9.35] 3.54] 40 
1-10.34] 3.76 || 10.32) 3.81] 10.30] 3.85] 10.29) 3.90). 11 
12/11.28) 4.10] 11.26] 4.15] 11.24) 4.20]/ 11.22) 4.25) 12 
13; 12.22) 4.45 ]/-12.20| 4.50] 12.18) 4.55 |/12.16] 4.61] 13 
14)13.16| 4.79} 13.13] 4.851 13.11 4.90 |} 13.09} 4.96} 14 
15 [4.10 15283 14507) 6-091 14.05) 95225 114203) 5.38115 
16|15.04| 5.47) 15.01] 5.54 /114,99| 5.60|/14.96| 5.67] 16 
17) 15.97) (5.81 15-95 | 528811 15.92) 5.95 | 15.90 |> 6.02), 17 
18} 16.91) 6.16] 16.89] 6.23 ]| 16.86} 6.30] 16.83) 6.38] 18 
19} 17.85! 6.50] 17.83] 6.58 || 17,80] 6.65 |] 17.77/-6.73| 19 
20|18.79| 6.84] 18.76} 6.92 ||18,73| 7.001} 18.70] 7.09] 20 
REVIT hee le WLI C TO en NTOSBT Teco LO vu anny ead Tmo 
22 '20.67} 7.52 20.64] 7.61.1 20.61] 7.70 || 20.57) 7.79| 22 
SMe LSGI WT VeeSt i et OS || Bee 9 Wot. ae 8.05) ZI P VOR Lo tees 
2 | 22.05) 8.21 \22.52] 8.31 || 22.48) 8.40|| 42.44] 8.50] 24 
25 | 23.49} 8.55 || 23.45| 8.65] 23.42| 8.76 |) 23.388! 8.86] 25 
26 | 24.43} 8.89 | 24.39] 9.00 | 24.35] 9.11 ]/ 24.3 9.2 26 
27,|25.37) 9.23 125.33] 9.35 125.29] 9.4611 25.251 9.57 1-2 
28} 26.31) 9.58 || 26.27] 9.69 || 26.2¢ 9.81 || 26.18} 9.921 2 
29 | 27.251 9.92 || 27.21 | 10.04 || 27.16 | 10.16 || 27.12] 10.27] 9 
30 | 28.19 | 10.26 || 28.15 | 10.38 || 28.10] 10.51 || 28.05] 10.63] 30 
31 | 29.13 | 10.60 | 29:08 | 10.73 || 29.04 | 10.86 || 28.99 | 10.98 | 31 
32 | 30.07 | 10.94 || 30.02] 11.08 || 29.97 | 11.21 || 29.92] 11.34] 39 
33 | 31.01 | 11.29 || 30.96 | 11.42) 30.91 | 11.56 || 30.86, 11.69] 33 
34 | 31.95) 11.63 |/ 31.90 | 11.77 || 31.85] 11.91 |/ 31.79] 12.05] 34 
35 | 32.89! 11.97 |, 32.84 | 12.11 || 82.78 | 12.26 || 32.73 | 12.401 35 
36 | 33.83! 12.31 || 33.77 | 12.46 || 33.72 | 12.61 |!33.66] 12.75} 36 
37 | 34.77) 12.65 || 34.71 | 12.81 || 34.66 | 12.96 ||34.60] 13.11] 37 
38 | 35.71) 13.00 || 35.65 | 13.15 || 35.59 | 138.381 || 35.54] 13.46] 38 
39 | 36.65 | 13.34 || 36.59 | 13.50 || 36.53 | 13.66 || 36.47] 13.82] 39 
40 | 37.59 | 13.68 37.653 | 13.84 || 37.47 | 14.01 ||87.41] 14.17] 40 
41 | 38.53] 14.02 || 38.47 | 14.19 |) 38.40] 14.36 || 38.34] 14.53 SEG 
42 | 39.47] 14.36 | 39.40 | 14.54 || 39.34] 14.71 || 39.28) 14.88! 49 
43 | 40.41] 14.71 || 40.34 | 14.88 | 40.281 15.06 || 40.21] 15.23! 43 
44 / 41.35 15.05 || 41.28 | 15.23] 41.21115.4i |141.15| 15.59! 44 
45 | 42.29) 15.39 || 42.22 | 15.58 |, 42.15 | 15.76 || 42.08) 15.94! 4n 
46 | 43.23) 15.73 | 43.16 | 15.92) 43.09 | 16.11 |) 43.02/16 30! 46 
7 144.17| 16.07 | 44.09 | 16.27 ]| 44.02 | 16.46 || 43.95] 16 65 Ag 
48 45.11) 16.42 || 45.03 | 16.61 || 44.96 | 16.81 || 44.89 | 17.01 48 
49 | 46.04 | 16.76 || 45.97 | 16.96 |] 45.90 | 17.16 || 45.82 | 17.36 4g 
50 | 46.98 | 17.10 | 46.91 | 17.311) 46.83] 17.51 || 46.76 | 17.71 50 
; Dep. | Lat. || Dep. | Lat. || Dep. | Lat. || Dep. | Let & 
: 
% 
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{ 
>: 20 Deg 203 Deg. 201 Deg 20} Deg iS) 
a & 
E et 3 
= | Lat. | Dep. |) Lat. | Dep. || Lat. Dep. || Lat. | Dep. & 
51 | 47, 2) 17.44 ||47 35 | 17.65 || 47.77| 17.86 || 47.69 | 18.07 5] 
52 | 48.86 | 17.79 | 48.79] 18.00 | 48.71 | 18.21 |] 48.63 | 18.42 52 
53 | 49.80! 18.13 | 49.72) 18.34 || 49.64 | 18.56 || 49.56] 18.78 53 
54 | 50.74 | 18.47 || 50.66; 18.69 50.58 | 18.91 |} 50.50) 19.13] 54 
55 | 51.68 | 18.81 | 51.60] 19.04 || 51.52 | 19.261 51.43|19.49| 55 
56 | 52.62! 19.15 || 52.54! 19.38 52.45 | 19.61 || 52.37) 19.84] 56 
7 | 53.56 | 19.50 | 53.48] 19.73 53.39 | 19.96 || 53.30) 20.19! 57 
58 | 54.50 | 19.84 || 54.42] 20.07 54.33 | 20.31 || 54.24) 20.55] 58 
59 | 55.44 | 20.18 | 55.35 | 20.42 || 55.96 20.66 || 55.17] 20.90; 59 
60 | 56.38 | 20.52 | 56.29 | 20.77 || 56.20 | 21.01 || 56.11 | 21.26] 60 
61 | 57.32 | 20.86 || 57.231 21.11 57.14 | 21.36 || 57.04) 21.61) 61}. 
62 | 58.26 | 21.21 || 58.17] 21.46 || 58.07 21.71 || 57.98 | 21.97] 62 
63 | 59-20 | 21.55 || 59.11 | 21.82 59.01 | 22.06 || 58.91 | 22.32] 63 
64 | 60.14 { 21.89 || 60.04 22.15 || 59.95 | 22.41 || 59.85 | 22.67] 64 
65 | 61.08 | 22.23 || 60.98 | 22.50 60.88 | 22.76.|| 60.78 | 23.03] 65 
66 | 62.02 | 22.57 || 61.92] 22.84 61.82 | 23.11 || 61.72] 23.38] 66 
67 62.96 | 22.92) 62.86 | 23.19 || 62.76 | 23.46 || 62.65 | 23.74] 67 
68 | 63.90 | 23.26 || 63.80 | 23.54 || 63.69 23.81 || 63.59] 24.09} 68 
69 | 64.84 | 23.60 || 64.74] 23.88 || 6£.63 24.16 || 64.52 | 24.45] 69 
70 | 65.78 ! 23.94 || 65.67] 24.23 || 65.57 24.51,|| 65.46 | 24.80] 70 
71 | 66.72 | 24.28 | 66.61 | 34.57 || 66.50 | 24.86 || 66.391 25.15 71 
72 | 67.66 | 24.63 || 67.55 | 24.92 || 67.44 | 25.21 || 67.33 | 25.51 72 
73 | 68.60 24 97 | 68.49 | 25.27 || 68.38 | 25.57 || 68.26 | 25.86! 73 
74 169.54| 25.31 69.43 |'25.61 j1 69.31 | 25.92 | 69.20 | 26.22] 74 
75 | 70.48 | 25.65 || 70.36 | 25.96 || 70.25 | 26.27 || '70.14 | 26.57 75 
76 | 71.42 | 25.99 | 71.30 | 26.30 || '71.19 | 26.62 || 71.07 | 26.93 76 
77 | 72.36 | 26.34 | 72.24 | 26.65 || 72.12 | 26.97 || 72.01 | 27.28 Gate 
78 | 73.30 | 26.68 || 73.18 27.00 || '73.06 | 27.32 || 72.94 | 27.63] 78 
79 | 74.24 | 27.02 || 74.12 | 27.34 || '74.00 | 27.67 || 73.88 |27.99| 7a 
80 | 75.18 | 27.36 || 75.06 | 27.69 || 74.93 | 28.02 || 74.81 | 28.34] 80 
81 | 76.12 | 27.70 || 75.99 | 28.04 || 75.87 | 28.37 || 75.75 | 28.70 81 
82 | 77.05 | 28.05 || 76.93 23.38 | 76.81 | 28.72 || 76.68 | 29.05] ge 
83 | 77.99 | 28.39 || 77.87 | 28.73 || 77.74 | 29.07 || 77.62 | 29.41 83 
84 | 78.93.) 28.73 || 78.81 | 29.07 || 78.68 | 29.42 || 78.55 | 29.76 84 
85 | 79.87 | 29.07 || 79.75 | 29.42 || 79.62 | 29.77 || 79.49) 30.11] 85 
86 | 80.81 | 29.41 | 80.68 | 29.77 || 80.55 | 30.12 || 80.42 | 30.47| 86 
87 | 81.75 29.76 | 81.62] 30.11 |! 81.49 | 30.47 || 81.36 | 30.82] 87 
88 | 82.69 | 30.10 | 82.56 | 30.46 |] 82.43 | 30.82 || 82.29| 31.18] 88 
89 | 83.53 | 30.44 | 83.50 | 30.80 || 83.36 | 31.17 || 83.23| 81.53! 89 
90 | 84.57 | 30.78 || 84.44 | 31.15 || 84.30] 31.52 || 84.16 | 31.89] 90 
91! 85.51 | 31.12 || 85.38 | 31.50 || 85.24] 31.87 || 85.10 | 32.241 91 
92 | 86.45 | 31.47 || 86.31 | 31.84 || 86.17] 32.22 || 86.03 | 32.59| 92 
§3 | 87.39 31.81 | 87.25 | 32.19 || 87.11 | 32.57 || 86.97 | 32.95! 93 
94 | 83.33 | 32.15 || 83.19 | 32.54 || 88.05) 32.9% || 87.90 | 33.30; 94 
95 | 89.27 | 32.49 || 89.13 | 32.88 || 88.98 | 33.27 || 88.84 | 33.66] 95 
96 | 90.21 | 32.83 || 90.07 | 33.23 || 89.92! 33.62 || 89.771 34.01] 98 
97 | 91.15 | 33.18 || 91.00 | 33.57 || 90.86! 33.97 || 90.71 | 34.37| 97 
98 | 92.09 | 33.52 || 91.94] 33.92 |191.79!| 34.32 91.641 34.72 | 98 
99 | 93.03 | 33.86 || 92.88 | 34.27 || 92.73 | 34.67 || 92.58 | 35.07] 99 
100 | 93.97 | 34.20 | 93.82 | 34.61 || 93.67 | 35.02 93.51 35.43 | 100 
5 | Dep. Lat. || Dep. | Lat. || Dep.) Lat. || Dep. | Lat. g 
5 4. Sit a — —= E) 
& Zu 
rad 70 Deg. 69? Deg €9! Deg 69} Deg a 
| 


| 
i 


\ 


1 
| o 21 Deg 214 Deg. 21} Deg. 212 Deg. | o 
n uv. 
B\- Ssalhe 
& , Lat. | Dep. || Lat. | Dep. || Lat. | Dep. || Lat. | Dep. | ¢ 
1| 0.93| 0.36|| 0.93] 0.3 0.93| 0.37]| 0.93| 0.371 1 
2| 1.87| 0.72]] -1.86| 0.72] 1.86] 0.73]|| 1.86} 0.74| 2 
3] 2.80) 1.08|| 2:80| 1.09]) 2.79] 1.10] 2.79] 1.11} 3 
4\ 3.73) 2.43) 3.73): 1.45. 3.72) 1.47] 3.7211 s4R5 4 
| 4.67] 1.79]| 4.66] 1.81]| 4.65] 1.831] 4.64) 1.85] 5 
6} 5.60| 2.15|| 5.59] 2.17]| 5.58] 2.20]] 5.57] 2.22! 6 
7| 6.54) 2.51|| 6.52] 2.54]| 6.51|| 2:57 | 6.50} 2.59] 7 
8| 7.47] 2.87]| 7.46] 2.90]} 7.44] 2.93]! 7.43] 2.96] 8 
9| 8.40]: 3.23]) 8.39] 3.26] 8.37] 3.30]| 8.36] 3.34] 9 
1 10)>9.34| 3.581. 9.32] 3.62] 9.30] 3.671] 9.29] 3-71.) 10 
11|10.27| 3.941) 10.25] 3.99 |/10.23| 4.03 || 10.22] 4.08] 11 
12/11.20] 4.30]1 11.18] 4.35 |/11.17| 4.40]/11.15] 4.45] 124 
13!12.14] 4.66] 12.12] 4.71 /12.10| 4.76 || 12.07} 4.82] 13! 
14/13.07] 5.02] 13.05] 5.07 1}13.03| 5.131//13.00) 5.3 14} 
15/14.00| 5.38] 13.98] 5.44|'13.96} 5.50]|13.93| 5.56| 15 
16|14.94] 5.73)|/14.91| 5.80 ||14.89} 5.86 |] 14.86! 5.93] 16 
17|15.87] 6.09|| 15.84] 6.16 || 15.82] 6.23]/15.79| 6.30} 17} 
18| 16.80] 6.451 16.78} 6.52 |116.75| 6.60 || 16.72) 6.67] 18 
19|17.74| 6.81) 17.71} 6.89 || 17.68] 6.96||17.65| 7.04! 19 
20 118.67] 7.17] 18.64) 7.25 118.61] 7.331] 18.58] 7.41 | 20 
21|19.61| 7.53] 19.57| 7.61 |/19.54| 7.70] 19.50| 7.78) 21 
22 | 20.54 | 7.88} 20.50] 7.97 || 20.47] 8.06 ]/ 20.43} 8.15} 22 
23 /21.47| 8.241 21.44] 8.34 |121.40] 8.481] 21.36] 8.52] 2 
24 | 22.41] 8.60) 22.37] 8.70 |) 22.33] 8.80 || 22.29! 8.89) 24 
1 25 | 23.34] 8.96 || 23.30] 9.06 ||23.26| 9.16 || 23.22] 9.26| 25] 
1 26 | 24.27) 9.32] 24.23] 9.42 |/24.19| 9.53] 24.15) 9.63| 26] 
| 27|25.21] 9.68]] 25.16] 9.79 25.12] 9.90! 25.08110.01) 27f 
| 28 | 26.14] 10.03) 26.10 | 10.15 | 26.05 | 10.26 | 26.01] 10 38] gs} 
29 | 27.07] 10.39 || 27.03 | 10.51 || 26.98 | 10.63 || 26.94] 10.75 | 29 
30 | 28.01 | 10.75 || 27.96 | 10.87 |] 27.91 | 11.00 | 27.86! 11.12] 30] 
| 31 | 28.94] 11.11 || 28.89 | 11.24 || 28.84) 11.36 || 28.79 | 11.49! 311 
1 32 | 29.87] 11.47} 29.82 | 11.60 || 29.77] 11.73 || 29.72] 11.86 | 32 
! 33 | 30.811]11.83 |] 30.76 | 11.96 || 30.70 | 12.09 || 30.65 | 12.23} 33 
34 | 31.74] 12.18 |] 31.69 | 12.32 || 31.63) 12.46 || 31.58 | 12.60} 34 
| 35 | 32.68 | 12.54] 32.62 | 12.69 || 32.56 | 12.83 || 32.51! 12.97] 354 
| 36 | 33.61 | 12.90] 33.55 | 13.05 || 33.50 | 13.19 || 33.44 | 13.341 36 
| 37 | 34.54] 13.26 || 34.48 | 13.41 || 34.43 | 13.56 || 34.371 13.71 | 37} 
38 | 35.48 | 13.62 || 35.42 | 13.77 || 35.36 | 13.93 || 35.29] 14.08} 38 
39 | 36.41 | 13.98 |] 86.35 | 14.14 || 36.29 | 14.29 || 36.22! 14.45 | 393 
40 | 37.34] 14.33 |] 37.28 | 14.50 || 37.22 | 14.66 || 37.15 114.82) 404 
41 | 38.28 | 14.69 |) 38.21 | 14.86 | 38.15 | 15.03 || 38.08 ‘15.19 | 47} 
42 | 39.21] 15.05 || 39.14] 15.22 || 39.08 | 15.39 || 39.01 | 15.56) 49 
43 | 40.14] 15.41 || 40.08 | 15.58 || 40.01 | 15.76 || 39.94] 15.93 | 43] 
44} 41.08] 15,77 | 41.01 | 15.95 || 40.94 | 16.13 | 40.87] 16.30 | 44] 
45 | 42.01] 16.13 || 41.94) 16.31 | 41.87 | 16.49 || 41.80/16.68! 45} 
16 |42,94| 16.48 || 42.87 | 16.67 || 42.80 | 16.86 || 42.73 17.05 | 46 | 
47 | 43.88 | 16.84) 43.80 | 17.03 || 43.73 | 17.23 |] 43.65 | 17.42 | a7 
48 | 44.81] 17.20} 44.74 | 17.40|| 44.66 | 17.59 || 44.58) 17.79 | 49 
49 | 45.75 | 17.56 || 45.67 | 17.76 || 45.59 | 17.96 || 45.51| 18.16) 49} 
5Q | 46.68 | 17.92 || 46.60 | 18.12 |] 46.52 | 18.33 |] 46.44! 18.53! 50 
g Dep Lat. || Dep. | Lat. || Dep. | Lat. | Dep. | Lat $ i 
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Bo.te 
34.09 
34.46 
34.83 ! 
35.205 95 
OOD 
35.94 
36.31 | 98 
36.69 9g 
37.06 16 
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116 TRAVERSE TABLE. 


~ | 
iS oo 
a a 
fe |. 2 
is id 
g : 8 
1 0.37 || 0.93] 0.38)) 9.92 5 0.92| 0.39 1 
2 0.75 || 1.85] 0.76|) 1.85} 0.77]| 1.84] 0.77). 2 
3 UL N SSS PA A OT LE ee 1.16 | 3 
4 {550k 3270) 1250 iG 3.3701 34.53 | 0s. p9ae et ep ias 
5 1.87|| 4.63] 1.89!| 4.62| 1.91]| 4.61; 1.93] 5 | 
8 2.25]| 5.55| 2.271 5.54| 2.30]] 5.53) 2.32) 6 
7 : 2.62 || 6.48] 2.65) 6.47| 2.68]} 6.46] 2.71) 7 
8| 7.42) 3.00]] 7.40] 3.03)| 7.39] 3.06|| 7 38; 3.03! 8 
9, 8.34| 3-37] 8.33] 3.41 |) 8.31| 3.441) 8.30] 3.48: 9 
10| 9.27;—8..76 || 9.26] 3.79) 9.24) 3.83] 9.22) 3.87) 10 
11] 10.20 |- 4.12|/10.18| 4.17110.16| 4.21$110.141 4.25) (1 
12/11.13| 4.50]/11.11] 4.541 11.09] 4.59 |/11.07| 4.64] 12 % 
13 | 12.05} 4.87 /|12.03| 4.92 || 12.01| 4.971| 11.99] 5.03] 13 | 
14/12.98) 5.241/12.96| 5.30]|12.93) 5.36 1/12.91|] 5.41) 14 
15/13.91] 5.62/118.88| 5.68 || 13.86 | 5.74]; 13.83) 5.80] 15 
16 | 14.83] 5.99||14.81| 6.06 || 14.78| 6.12||/ 14.76] 6.19} 16 | 
17/15.76| 6.37 /|15.73| 6.44]/15.71] 6.51 || 15.68] 6.57) 17 § 
18|16.69| 6.74]|16.66| 6.82|| 16.63) 6.89/||16.60| 6.96} 18 
19 |17.62] 7.121|17.59| 7.19 || 17.55 |- 7.27 || 17.524. 7.35] 19 
20 | 18.54] 7.49) 18.51) 7.57 || 18.48) 7.65!) 18.44) 7.73) 20 
21/19.47| 7.87]| 19.44] 7.95]119.40| 8.041 19.37] «8.12| 21 | 
22 | 20.40] 8.24]/20.36! 8.33} 20.33) 8.42), 20.29] 8.51] 22 
23 | 21.33] 8.62 |/ 21.29} 8.71 | 21.25] 8.80 ||21.21| 8.89] 23 
24 | 22.25) 8.99 1122.21] 9.09) 22.17] 9.18 | 22.13] 9.28] 24 | 
25 | 23.18]. 9.37|| 23.14| 9.47 || 23.10] 9.57 |} 23.05| 9.67] 25 
26 | 24.11] 9.741/24.06| 9.84] 24.02} 9.95) 23.98] 10.05} 2 
27 | 25.03 | 10.11 |! 24.99 | 10.22 |) 24.94 | 10.33 || 24.90 | 10.44 |. 27 
28 | 25.96 | 10.49 || 25.92 | 10.60 || 25.87 | 10.72 |; 25.82 | 10.83 | 28 
29 | 26.89 | 10.86 || 26.84) 10.98 || 26.79 | 11.10 | 26.74] 11.21 | 29 
30 | 27.82 | 11.24 || 27.77 | 11.36 || 27.72 | 11.48 || 27.67] 11.60) 30 
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233 Deg. 


| 23 Deg. 234 Deg. 
| 


iat. | Dep. || Lat. | Dep. || Lat. | Dep. | Lat. | Dep. 


s 

a 
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1) 
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“1 0.92} 0.39|/ 0.92| 0.39 || 0.92| 0.40] 0.92, 0.40 
2 1.84] 0.78] 1.84) 0.79] 1.83) 0.80] 1.83) 0.81 
4 
5 
6 
7 
8 
9 


2.76| 1.17]| 2.76) 1.18 |) 2.75] 1.201) 2.751 1.21 
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120 TRAVERSE TABLE. 


a 24 Deg 244 Deg. 24% Deg. 243 Deg iS 
a wD 
2 | Lat. | Dep Lat. | Dep Lat. | Dep. || Lat. | Dep. | § 
s ! | ao 
1) 0.91) 0.41] 0.91] 0.41) 0.91 0.41}/ 0,91} 0.42) 1 
2) 1.83 0.81 1.82! 0.82]| 1.82] 0.83]] 1.82; 0.84 2 
i SSA 1.22) B74) 1.23 Ronis Vl 24 He eee dee, 3 
4; 3.65) £63] 3.65} 1.64] 3.64] 1 66 | 3.63] 1.67 4 
5| 4.67) 2.03|| 4.56] 2.05} 4:55] 2.07|| 4.54] 2.09 5 
6| 5.48} '2.44|| 5.47] 2.46]| 5.46] 2.49] 5.45) 2.51 6 
7| 6.39) 2.85]! 6.38] 2.87|| 6.37] 2.90] 6.36) 2.93 7 
Si 7.31 | 3. 254 7.291 3.29 7.28) S321) Feet | Sse 8]- 
9} 8.22! 3.66 || 8.21] 3.70]/ 8.19] 3.73] 8.17] 3.77 9 
1O| 9.14] 4.07) 9.12] 4.11]) 9.10) 4.15|/ 9.08} 4.19] 10 
11}10.05) 4.47]/10.03] 4.52)}10.01| 4.561) 9.99; 4.61) 11 
12/10.96) 4.88] 10.94] 4.93 || 10.92] 4.98]/ 10.90) 5.02) 12 
13] 11.88} 5.29]/11.85| 5.34]/11.83) 5.39)/ 11.81] 5.44) 13 
14/12.79| 5.69/112.76| 5.75 || 12.74] 5.81 || 12.71] 5.86] 14 
15 113.70 | 6.10]| 13.68] 6.16] 13.65] 6.22|/ 13.6%] 6.28] 15 
16 | 14.62] 6.51 || 14.59] 6.57] 14.56| 6.64)| 14.53] 6.70| 16 
17/ 15.53] 6.92] 15.50] 6.98 | 15.47] 7.05 || 15.44) 7.12) 17 
18/16.44| 7.32]|16.41| 7.39 || 16.38) 7.46 |) 16.35) 7.54] 18 
19} 17.36) 7.73)/ 17.32) 7.80] 17.29) 7.88/|17.25| 795} 19 
20|18.27| 8.13] 18.24] 8.21 || 18.20] 8.29]/ 18.16] 8.37] 20 
21) 19.18] 8.54119.15| 8.63]/19.11| 8.71)/ 19.07) 8.79) 21 
22 120.10] 8.95 |/20.06) 9.04] 20.02| 9.12/119.98| 9.21] 22 
: : v. ‘ 
oe 
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o 24 Deg 241 Deg 243 Deg. 243 De, S 
m | teal 
See | : e 
3 Lat Dep. || Lat. | Dep. || Lat. | Dep. || Lat. | Dep 3 
51 | 46.59 | 20.74 | 46.50 | 20.95 | 46.41 | 21.15 || 46.32 | 21.35 5! 
52 | 47.5 21.15 || 47.41 | 21.36 || 47.32 | 21.56 || 47.22: 21.77} 52 
53 | 48,42 | 21.56 || 48.32 | 21.77 || 48.23 | 1.98 || 48.13) 22.19] 53 
54 | 49.33 | 21.96 | 49.24 | 22.18 || 49.14 | 22.39 149.04] 22.61] 54 
55 | 50.24 | 22.37 || 50.15,| 22.59 || 50.05 | 22.81 || 49.95 | 23.03| 55 
56 | 51.16 22.78 || 51.06 | 23.00 |; 50.96 | 23.22 || 50.86 |23.44| 56 
57 | 52.07 | 23.18 || 51.97 | 23.41 || 51.87 | 23.64 ]| 51.76 | 23.86] 57 
58 | 52.99 | 23.59 |] 52.88 | 23.82 52.78 | 24.05 || 52.67 | 24.28] 58 
59 | 53.90 | 24.00 || 53.79 | 24.23 || 53.69) 24.47 || 53.58 | 24.70] 59 
60 | 54.81 | 24.40 || 54.71 | 24.64 || 54.60 | 24.88 || 54.49 | 25.12] 60 
61 | 55.73 | 24.81 || 55.62 | 25.05 || 55.51 | 25.30 || 55.40 | 25.54/61 
62 | 56.64 | 25.22 || 56.53 | 25.46 || 56.42 | 25.71 || 56.30 | 25.96] 62 
63 | 57.55 | 25.62 | 57.44 | 25.88 || 57.33 | 26.13 || 57.21 | 26.38] 63 
64 | 58.47 | 26.03 || 58.35 | 26.29 || 58.24 | 26.54 || 58.12 |26.79] 64 
65 | 59.38 | 26.44 || 59.26 | 26.70 || 59.15 | 26.96 || 59.03 | 27.21] 65 
66 | 60.29 | 26.84 || 60.18 | 27.11 || 60.06 | 27.37 || 59.94 |27.63| 66 
67 | 61.21 | 27.25 | 61.09 | 27.52 || 60.97 | 27.78 || 60.85 | 28.05] 67 
68 | 62.12 | 27.66 || 62.00 | 27.93 || 61.88 | 28.20] 61.75 | 28.47] 68 
69 | 63.03 | 28.06 | 62.91 | 28.34 | 62.79 | 28.61 || 62.66 | 28.89] 69 
70 | 63.95 | 28.47 || 63.82 | 28.75 |! 63.70 | 29.03 | 63.57 | 29.31] 70 
71 | 64.86 | 28.88 || 64.74 | 29.16 || 64.61 | 29.44]| 64.48 | 29.72) 71 
72 | 65.78 | 29.28 || 65.65 | 29.57 || 65.52 | 29.86 || 65.39 | 30.14] 72 
73 | 66.69 | 29.69 || 66.56 | 29.98 || 66.43 | 30.27 || 66.29 | 30.56] 73 
74 | 67.60 | 30.10 |, 67.47 | 30.39 || 67.34 | 30.69 || 67.20 | 30.98] 74 
75 | 68.52 | 30.51 || 68.38 | 30.80 || 68.25} 31.10 ||68.11/31.40] 75 
76 | 69.43 | 30.91 |] 69.29 | 31.21 || 69.16 | 31.5% || 69.02 |31.82] 76 
77 |'70.34 | 31.32 |) 70.21 | 31.63 || 70.07] 31.93 || 69.93 | 32.24] 77 
78 | 71.26 | 31.73 || 71.12 | 32.04 || 70.98 | 32.35 || 70.84 | 32.66] 78 
19 | 72.17 | 32.13 || 72.03 | 32.45 || 71.89 | 32.76 |) 71.74 | 33.07] ‘79 
86 | 73.08 | 32.54 || 72.94 | 32.86 72.80 | 33.18 72.65 | 33.49] 80 
81 | 74.00 | 32.95 |] 73.85 | 33.27 || 73.71 | 33.59 || 73.56 | 33.91] 81 
82 | 74.91 | 33.35 || 74.76 | 33.68 || 74.62 | 34.00 || 74.47 | 34.33} 82 
83 | 75.82 | 33.76} 75.68 | 34.09 || 75.53 | 34.42 || 75.38 | 34.75] 83 
84 | 76.74 | 34.17 || 76.59 | 34.50 || 76.44 | 34.83 || 76.28 /35.17| 84 
85 | 77.65 | 34.57 || 77.50 | 34.91 || 77.35 | 35.25 || 77.19 | 35.59 | 85 
86 | 78.56 | 34.98 || 78.41 | 35.32 ||'78 26 | 35.66 || 78.10| 36.00] 86 
87 | 79.48 | 35.39 || 79.32 | 35.73 || 79.17 | 36.08 || 79.01 | 36.42) 87 
88 | 80.39 | 35.79 || 80.24 | 36.14 || 80.08 | 36.49 || 79.92 | 36.84] 88 
89 | 8).31 | 36.20 || 81.15 | 36.55 || 80.99 | 36.91 || 80.82; 37 26] 39 
90 | 82.22 | 36.61 | 82.06 | 36.96 || 81.90 | 37.32 || 81.73 37.68; 90 
91 | 83.13 | 37.01 || 82.97 | 37.38 || 82.81 | 37.74 || 82.64] 38.10] 91 
92 ' 84.05 | 37.42 || 83.88 | 37.79 || 83.72 | 38.15 || 83.55 | 38.52 | 92 
93 | 84.96 | 37.83 || 84.79 | 38.20 || 84.63 | 38.57 || 84.46 | 38.94] 93 
94 85 87 | 38.221] 85.71 | 38.61 || 85.54 | 38.98 || 85.37 | 39.35} 94 
95 86 79 | 38.64 || 86.62 | 39.02 || 86.45 | 39.40 || 86.27|39 77] 95 
96 | 87.70 | 39.05 | 87.53 | 39.43 || 87.36 | 39.81 || 87.18 |40.19| 96 
97 88.61 '130.45 || 88.44 | 39.84 || 88.27 | 40.23 || 88.09 | 40.61} 97 
98 | 39,53 | 39.86 |, 89.35 | 40.25 || 89.18 | 40.64 || 89.00] 41.03] 98 
99 | 90.44 | 40.27; 90.26 | 40.66 || 90.09 | 41.05 || 89.91 ]41.45| 99 
400 | 91.35 | 40.67 || 91.18 | 41.07 | 91.00 | 41.47 || 90.81, | 41.87 | 100 
E Dep. | Let. | Dep. | Lat. || Dep, | Lat. || Dep. | Lat. g 
= a= a 
ea D 
5 | 66 Den 653 Deg 654 Deg. 654 Deg A 


ee pee ee 


TRAVERSE TABLE. 


say 
2 
Sy) 
o 
=] 


cS) 
ae 


10 


2.54 


~ 
ie 2) 
= 
cS 
@ 
fr) 


Oe A329 GO 
Wr W Oreo 

ct 

~ 

ol 

i 

w 

© 


G |i 


CIOMANDOPP WN © 


10.88 


~J 

© 

ee 

wo 

is 

a 
WOO IMDM 
Ort Oo me 
9) 09d Wd 

w 

i 

fs 


es 
oO 
wo 
@ 
~ 
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= 
oO 
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ww 
oy 
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DD] WD DW FID AMD OO TN | HE 
WO) FODHIWO ROD NMWOWO 
SW AWHKAAPNONN WSO 


CD] GD GO BED DD OVO} 
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fasten ‘ 
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36.03 | 


i Bl Rwwwwwwwwwl WOwnnnuonnnnwn 
Distance | SESS SSRSSLSSSSSRRBESAISSSS Ti OO 


42.51 | 20.05 || 42.42 | 20.23 
43.41 | 20.48 || 43.32 | 20.66 
44.32 | 20.90 | 44.23 | 21.10 
45.22 | 21.33 | 45.13 | 21.53 


Dep. | Lat. || Dep. | Lat. 


643 Deg. 644 Deg. 


| 36.93 | 


| 42.33 


37.83 
38.73 
39.63 
40.53 
41.43 


43.23 
44.13 
45.03 


Dep. 


21.29 
21.72 


Lat. 


64} Deg. 
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25 Deg. 254 Deg. 254 Deg. 


Lat. | Dep. |} Lat. | Dep. || Lat: Dep. || Lat. | Dep. 


46.03 | 21.96 || 45.947 92.16! 5] 
46 .93 | 22.39 || 46.84 | 22.59] 59 
22.82 || 47.74 | 23.03) 53 
48.71) 23.25 || 48.64|23.46! 54 
49.64 | 23.68 || 49.54! 23.89] 55 
50.54 | 24.11 1150.44 | 24.33] 56 
51.45] 24.54 |151.34/ 24.76 | 57 
52.35 | 24.97 || 52.24! 25.20! 58 
53.25 | 25.40 | 53.14] 25.63! 59 
54.16 | 25.83 || 54.04 | 26.07] 60 


55.06 | 26.26 || 54.94 | 26.50 | 61 
55.96 | 26.63 | 55.841 28.94] 62 
56.86 | 27.12 156.74 | £7.37) 63 
57.77 | 27.55 | 57.64 | 27.80] 64 
58.67 | 27.98 || 58.55 | 28.24! 65 
59.57 | 28.41 | 59.45 | 28.67] 66 
60.47 | 28.84 || 60.35 | 29.11! 67 
61.38 | 29.27 | 61.25 | 29.54! 68 
62.28 | 29.71 || 62.151 29.98] 69 
63.18 | 30.14 || 63.05 | 30.41! 70 


64.08 | 30.57 || 68.95 | 30.85| 71 
64.99 | 31.00 || 64.85 | 31.28] 72 
65.89] 31.43 | 65.75|31.71| 73 
66.79 | 31.86 | 66.65 | 32.15| 74 
67.69 | 32.29 | 67.55 | 32.58) 75 
68.60 | 32.72 |] 68.45 | 33.02] 76 
69.50 | 33.15 |] 69.35 33.45 | 77 
70.40 | 33.58 || 70.25 | 33.89) 78 
{71.30 | 34.01 || 71.16 | 34.32 | 79 
72.21 | 34.44 || 72.06 | 34.76 | 80 


73.11) 34.67 || 72,96 | 35.19 | 81 
74.01] 35.30 |] 73.86 | 35.62] 82 
35.73 || 74.76 | 36.06] 83 
75.82 | 36.16 || ' 75.66 | 36.49 | 84 
76.72 | 36.59 || 76.56) 36.93 | 85 
77.62 | 37.02 || 77.46 | 37.36) 86 
78.52 | 37.45 || 78.361 37.80 | 87 
79.43 | 37.88 || 79.26 | 38.23) 88 
80.33) 38.32 || 80.16 | 38.67) 89 
81.23 | 38.75 || 81.06 | 39.10] 96 


82.14} 39.18 || 81.96 | 39.53, 91 
83.04 | 39.61 || 82.86 | 39.97] 92 
83.94 | 40.04 || 83.76 | 40.40] 93 
84.84; 40.47 || 84.67} 40.84! 94 
/ 85.75 | 40.90 || 85 57); 41.27) 95 
| 86.65 | 41.33, 86.47! 41.71} 96 
| 87.55! 41.76 || 87.37 | 42.14| 97 
' 88.45 | 42.19 || 88.27! 42.58] 98 
89.36 | 42.62 || 89.17/ 43.01] 99 
90.26 | 43.05 || 90.07 | 43 44/100 


Dep. | Lat. || Dep. | Lat. 8 


644 Deg. 644 Deg. 


|-oourysiqy 
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bo 
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| 
26 Deg. 264 Deg. || 264 Deg. 
| 


Tat. | Dep. || Lat. 


Lat. 


TRAVERSE TABLE. 


+ 


6,90} 9.44|| 0.90 
1.80} 9.88 || 1.79 
2.70} 1.32]| 2.69 
° 3.59 
4.49| 2.191! 4.48 
5.39] 2.63]| 5.38 
6.29) 3.07)| 6.28 
GolG)) “3. SIN - Fe 17 
8.09) 3.95 ]| 8.07 
WW} 8.99] 4.38] 8.97 


9.87 
10.76 
11.66 
12.56 
13.45 
14.35 
15.25 
16.14 
17.04 
17.94 


lear 
MEO ene wry, SOUBISIT 
wo 
fer) 
S 
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~ 
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Co DIM trm way] GOUBIST(T 


lop) 

1 

i 

(vis) 

@ 
cl @DRIIAWIRM HAM 
lV wODROUH IND 
E|IWoGnHDRORYW 


18.83 
22|19.77| 9.64)/ 19.73 
23 | 20.67 | 10.08 || 20.63 
24 | 21.57 | 10.52 |) 21.52 
25 | 22.47 | 10.96 || 22.42 
26 | 23.37 | 11.40 || 23.32 
Q7 | 24.27 | 11.84 |! 24.22 
28 | 25.17 | 12.27] 25.11 
29 | 26.06 | 12.71 |] 26.01 
30 | 26.96 | 13.15 || 26.91 


| DDIAWAIABWNTP| He 
wloPoOoNeaH Nw 
SIGS anaunouny 


tO] WW DIAAMDNNE PRU WMM MMOS 
Pee a Pa at ae me 
ON 


-59 || 27.80 | 
32 | 28.76 | 14.03 |, 28.70 
33 129.66 | 14.47 || 29.60 
34 | 30.56 | 14.90 |) 30.49 
35 [31.46 | 15.34 || 31.39 
36 | 32.36 | 15.78 || 32.29 
37 |33.26 | 16.22 | 33.18 
38 | 34.15 | 16.66 || 34.08 
39 | 35.05 | 17.10 || 34.98 
49 | 35.95 | 17.53 |] 35.87 


41.) 36.85 | 17.97 || 36.77 
42 37.75 | 18.41 || 37.67 
43 | 38.65 | 18.85 || 38.57 
44 139.55) 19.29 || 39.46 
45 | 40.45 | 19.73 || 40.36 
46 | 41.34) 20.17 || 41.26 
AT | 42.24 | 20.60 |] 49.15 
48 | 43.14 | 21.04 || 43.05 
49 | 44.04 | 21.48 |] 43.95 
50 | 44 .04 | 21.92 ]] 44.84 


TRAVERSE TABLE. 


261 Deg. 


262 Deg. 


Lat. | Dep. 


BS Aleouezsr(y 


45.64 
46.54 
47.43 
48.33 
49.22 
50.12 
51.01 
51.$1 
52.80 
53.70 


23.20 
23.65 
24.09 


25-43 
25 88 
26.33 
26-77 


22.76 || 


24.54 ' 
24.98 | 


54.59 
55.49 
56.38 
97.28 
58.17 
59.07 
59.96 
60.86 
61.75 
62.65 


27.66 
28.11 
28.56 
29.00 
29.45 
29.90 
30.34 
30.79 
31.23 


i aN 
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! 


| “@0UBISIG] 


| 66.23 


31.68 
32.13 
32.57 
33.02 
33.46 
33.91 
34.36 
34.80 
35,25 
35.70 


63.54 
64.44 
65.33 


67.12 
68.01 
68.91 
69.80 
70.70 
71.59 


36.14 
36.59 
37.03 
37.48 


72.49 
73.38 
74.28 
Dre ele 
76.07 
76.96 
77.86 
78.75 
79.65 
80.54 


38.37 
38.82 
39.27 
39.71 
40.16 


37.93); 


rs 
Se 


| 84.12 


40.60 
41.05 
41.50 
41.94 
42.39 
85.91 | 42.83 
86.81 | 43.28 
87.70 | 43.73 
88.60 | 44.17 
89.49 | 44.62 


81.44 
82.33 
83.23 | 


85.02 


Dep. | Lat. 


63} Deg. 


ee ee ea ee ee eee ee ee ee ee aS eee ee ee. 


126 TRAVERSE TABLE. 


eee lS ee 


rs) = 
a @. 
5 5 
8 é 
1 i 
2 | 2 
3 a} 
4 4 
5 | ; 5 
6 | : 6 
7 : 7 
8 ; 8 
9 : : ; g 
10! 8.91] 4.54]/ 8.89] 4.58]| 8.87] 4.62]| 8.85] 4.66] 10 
11 |-9.80| 4.99]| 9.78] 5.04|| 9.76| 5.08|) 9.73] 5.12| 41 
12|10.69| 5.45]/ 10.67] 5.49 || 10.64] 5.54/110.62] 5.59] 12 
13} 11.58) 5.90] 11.56] 5.95]/11.53| 6.00|/11.50! 6.05] 13 
14|12.47) 6.36 ]| 12.45] 6.41 || 12.42] 6.46)/12.39| 6.52] 14 
15) 18.37] 6.81 || 13.34] 6.87)/13.31| 6.93|/13.27! 6.98] 15 
1€ | 14.26] 7.26 |] 14.22] 7.33] 14.19] 7.391114.16| 7.45; 16 
17.|15.15| 7.72]/ 15.11] 7.78 115.08] 7.85 ]114-04| 7.92] 17 
18/16.04! 8.17]|| 16.00] 8.24|| 15.97] 8.31]|/ 15.93] 8.38] 18 
19} 16.93! 8.63|/ 16.89] 8.70||16.85| 8.77]|| 16.81! -8.85]| 19 
20 | 17.82| 9.08] 17.78| 9.16} 17.74| 9.23/|17.70! 9.31] 920 
21/18.71|) 9.53] 18.67| 9.62 |/48.63| 9.70|/18.58) 9.78] 91 
22/19.60| 9.99 || 19.56] 10.07 || 19.51| 10.16 |] 19.47| 10.24] 92 
23 | 20.49 | 10.44 || 20.45 | 10.53 10.62 || 20.35 | 10.71] 23 


Do 
~ 


~ 
i 


= 
is 


"aa 
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27 Deg. 274 Deg. | 274 Deg. 273 Deg. iS} 

n 

Lat. | Dep. || Lat. | Dep. || Lat. | Dep. || Lat. | Dep. | 8 
40.44 | 23.15 || 45.34 | 23.35 || 45.24 | 23.55 | 45.13 | 23.75 | 5] 
46.33 | 23.61 || 46.23 | 23.81 || 46.12 | 24.01 || 46.02 | 24.21 | 52 
47.22 | 24.06 || 47.12 | 24.27 || 47.01 | 24.47 || 46.90 | 24.68] 53 
48.11 | 24.52 || 48.01 | 24.73 || 47.90 | 24.93 || 47.79 | 25.14] 54 
49,01 | 24.97 || 48.90 | 25.18 || 48.79 | 25.40 || 48.67] 25.61! 55 
49,90 | 25.42 || 49.78 | 25.64 || 49.67 | 25.86 || 49.56 | 26.07] 56 
50.79 | 25.88 || 50.67 | 26.10 || 50.56 | 26.32 || 50.44) 26.54. 57 
51.68 | 26.33}, 51.56 | 26.56 |) 51.45 | 26.78 || 51.33) 27.01) 58 
52.57 | 26.79 || 52.45 | 27.01 || 52.33 | 27.24 || 62.21 | 27.47 | 59 
53.46 | 27.24 || 53.34 | 27.47 || 53.22 | 27.70 || 53.10) 27.94] 60 
54.35 | 27.69 || 54.23 | 27.93 || 54.11 | 28.17 || 53.98 |28.40| 61 
55.24 | 28.15 || 55.12 | 28.39 54.99 | 28.63 || 54.87 | 28.87) 62 
| 56.13 | 28.60 || 56.01 | 28.85 || 55.88 | 29.09 || 55.75 | 29.33, 638 
| 57.02 | 29.06 || 56.90 | 29.30 || 56.77 | 29.55 || 56.64 | 29.80] 64 
|57 92| 29.51 || 57.79 | 29.76 || 57.66 | 30.01 || 57.52 | 30.26] 65 
58.81 | 29.96 || 58.68 | 30.22 || 58.54 | 30.48 | 58.41 | 30.73 | 66 
| 59.70 | 30.42 || 59.56 | 30.68 || 59.43 | 30.94 | 59.29] 31.20] 67 
160.59 | 30.87 || 60.45 | 31.14 | 60.32] 31.40 | 60.18] 31.66 | 68 
61.48 | 31.33 || 61.34] 31.59 || 61.20 | 31.86 || 61.06 | 32.13] 69 
| 62.37 | 21.78 || 62.23 | 32.05 || 62.09 | 32.32 || 61.95 | 32.59 | 70 
| 63.26 | 32.23 || 62,12 | 32.51 || 62.98 | 32.78 || 62.83]33.06) 71 
64.15 | 32.69 || 64.01 | 32.97 || 63.86 | 33.25 || 63.72 | 33.52! 72 
65.04 | 33.14 || 64.90 | 33.42 || 64.75 | 33.71 || 64.60 | 33.99 | 73 
65.93 | 33.60 || 65.79 | 33.88 || 65.64 | 34.17 |] 65.49 | 34.46 | 74 
66.83 | 34.05 || 66.68 | 34.34 | 66.53 | 34.63 | 66.37) 34.92] 75 
67.72 | 34.50 || 67.57 | 34.80 || 67.41 | 35.09 || 67.26 | 35.39 | 76 
68.61 | 34.96 || 68.45 | 35.26 | 68.30 | 35.55) 68.14] 35.85! 77 
69.50 | 35.41 || 69.34 | 35.71 | 69.19 | 36.02 |, 69.03 | 36.32 | 78 
70.39 | 35.87 || 70.23 | 36.17 || 70.07 | 36.48 || 69.91 | 36.78 | 79 
71.28 | 36.32 || 71.12 | 36.63 || 70.96 | 36.94 || 70.80 | 37.25 | 80 
72.17 | 36.77 || 72.01 | 37.09 || 71.85 | 37.40 || 71.68]37.71] 81 
73.06 | 37.23 || 72.90 | 37.55 || 72.73 | 37.86 || 72.57 | 38.18] 82 
73.95 | 37.68 || 73.79 | 38.00 || 73.62 | 38.33 || 73.45 | 38.65 | 83 
74.84 | 38.14 || 74.68 | 38.46 || 74.51 | 38.79 || 74.3841 39.11! 84 
15.74 | 38.59 || 75.57 | 38.92 || 75.40 | 39.25 || 75.22 | 39.58 | 85 
76.63 | 39.04 || 76.46 | 39.38 || 76.28 | 39.71 || 76.11 | 40.04) 86 
77.52 | 39.50 || 77.34 | 39.83 || 77.17 | 40.17 || 76.99 | 40.51) 87 
78-41 | 39.95 || 78.23 | 40.29 || 78.06 | 40.63 || 77.88 | 40.97) 88 
79.301 40.41 |} 79.12 | 40.75 || 78.94] 41.10 |] 78.76! 41.44) 89 
80.19} 10.86 || 80.01 | 41.21 || 79.83 | 41.56 || 79.65/ 41.91, 90 
81.08 | 41.31 || 80.90 | 41.67 || 80.72 | 42.02 || 80.53 | 42.37! 91 
81 97| 41.77 || 81.79 | 42.12 || 81.60 | 42.48 || 81.42 42,84 | 92 
82.86 | 42.22 || 82.68 | 42.58 || 82.49 | 42.94 || 82.30} 43.30) 93 
83.75 | 42.68 || 83.57 | 43.04 || 83.38 | 43.40 || 83.19] 43.77) 94 
84.65 | 43.13 || 84.46 | 43.50 || 84.27 | 43.87 || 84.07 | 44.23. 95 
85.54 | 43.58 || 85.35 | 43.96 || 85.15 | 44.33 | 84.96 | 44.70) 96 
86.43 | 44.04 || 86.23 | 44.41 |! 86.04 | 44.79 | 85.84) 45.16); 97 
87.32 | 44.49 |] 87.12 | 44.87 || 86.93 | 45.25 || 86.73 | 45.63 | 98 
88.21 | 44.9% || 88.01 | 45.33 || 87.81 | 45.71 || 87.61) 46.10] 99 
89.10 | 45.40 || 88.90 | 45.79 || 88.70 | 46.17 || 88.50 | 46.56 | 100 

Dep. | Juat. || Dep. | Lat. | Dep. | Lat. || Dep. | Lat. 8 

= Spee pee Ss 4 8 

Dn 

63 Deg. 62? Deg. 62} Deg. 62, Deg. a 
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TRAVERSE TABLE. 


| 28 Deg. 281 Deg. 28+ Deg. 283 Deg | oi 
rae a ! 
: lee 
g | Lat. | Dep. || Lat. | Dep. || Lat. | Dep. || Lat | Dep S 
“T/70.88| 0.47|) 0.88] 0.47 || 0.88| 0.48]) 0.88! 0.48! 1 
2! 1.77| 0.94||.1.76| 0.95] 1.76] 0.95]| 1.75; 0.96] 2 
3\ 2.65] 1.41|| 2.64| 1.42]] 2.64] 1.43] 2.63] 1.44] 3 
4 3.53] ~1.88]| 3.52] 1.89|| 3.52] 1.91]] 3.51] 1.92] 4 
5 4.41] 2.35|| 4.40] 2.37]) 4.39] 2.39]| 4.38] 2.40] 5 
6. 5.30] 2.82]] 5.29] 2.84]| 5.27} 2.86]| 5.26] 2.89] ¢ 
7- 6.18| 3.29] 6.17| 3.31] 6.15] 3.34]| 6.14] 3.37] 7 
8 | 7.06.) 32246.) 7.05) 3.79 7.03] 3.82 |) 7.01 | 3.85] --8 
9| 7.95| 4.23 || 7.93| 4.26} 7.91] 4.29|| 7.89] 4.33] 9 
10} 8.83} 4.69] 8.81| 4.73 || 8.79| 4.77|| 8.77| 4.81] 10 
11| 9.7:| 5.16] 9.69| 5.21] 9.67| 5.25]| 9.64| 5.29] 11 
12/10.60| 5.63]|10.57| 5.68 /10.55| 5.73|/10.52| 5.77] 12 
13]11.48] 6.10] 11.45] 6.15 |/11.42] 6.20]/11.40| 6.25]. 13 
14/12.36] 6.57 || 12.33] 6.63 || 12.30] 6.68 || 12.27] 6.73] 14 
15 113.24! 7.04]1/13.21| 7.10 ||18.18] 7.16||13.15| 7.21] 15 
16/14.13| 7.51 1/14.09| 7.57 |14.06] 7.63]|14.03| 7.70] 16 
17|15.01| 7.98|'14.98| 8.05 || 14.94] 8.11]|/ 14.90] 8.18] 17 
18|15.89| 8.45 | 15.86| 8.52 | 15.82| 8.59| 15.78) 8.66| 18 
19 |16.78| 8.92] 16.74| 8.99 || 16.70] 9.07) 16.66| 9.14] 19 
20 | 17.66] 9.39 17.62 | 9.47 | 17.58|_9.54) 17.53|_9.62| 20 
21| 18.54) 9.86 |/18.50| 9.94|/ 18.46] 10.02) 18.41 | 10.10] 21 
22 | 19.42 | 10.33 || 19.38 | 10.41 |] 19.33] 10.50 | 19.29] 10.58} 22 
23 | 20.31 | 10.80 || 20.26 | 10.89 || 20.21] 10.97, 20.16/11.06] 23 
24 121.19] 11.27 |) 21.14 | 11.36 | 21.09| 11.45 ) 21.04) 11.54] 24 
25 122.07 | 11.74 || 22.02 | 11.83 || 21.97] 21.93 || 21.92] 12.02] 25 
26 | 22.96 | 12.21 || 22.90 | 12.31 || 22.85| 12.41 || 22.79 | 12.51] 26 
27 | 23.84 | 12.68 || 23.78 | 12.78 || 23.73 | 12.88 || 23.67 | 12.99 | 27 
28 | 24.72] 13.15 || 24.66 | 13.25 || 24.61} 13.36 || 24.55]13.47| 28 
29 | 25.611] 18.61 || 25.55 | 13.73 || 25.49 | 13.84 ||25.43]13.95| 29 
30 | 26.49} 14.08 || 26.43 | 14.20 | 26.36] 14.31 || 26.30} 14.43] 30 
31 | 27.87 | 14.55 || 27.31 | 14.67 | 27.24] 14 79 |97.18/14.91| 31 
32 | 28.25 | 15.02 || 28.19 | 15.15 || 28.12] 15.27 || 28.06 115.39] 32 
33 | 29.14 | 15.49 || 29.07 | 15.62 || 29.001 15.7 128.93] 15.87] 33 
34 | 30.02] 15.96 || 29.95 | 16.09 || 29.88} 16.22 || 29.81|16.35| 324 
35 | 30.90 | 16.43 || 30.83 | 16.57 || 30.76 | 16.70 || 30.69 | 16.83 | 35 
36 | 31.79 | 16.90 || 31.71 | 17.04 || 31.64] 17.18 || 31.56 | 17.32) 36 
37 | 32.67 | 17.37 || 32.59 | 17.51 || 32.62 | 17.65 || 32.44/17.80| 37 
38 | 33.55 | 17.84 || 33.47 | 17.99 || 33.39] 18.13 || 33.32] 18.28 | 38 
39 | 34.43} 18.31 || 34.35 | 18.46 || 34.27] 18.61 || 34.19!18 76| 39 
40 | 35.32] 18.78 || 35.24 | 18.93 || 35.15 | 19.09 || 35.07/19.24| 46 
Al | 36.20) 19.25 || 36.12 | 19.41 || 36.08| 19.56 | 35.95|19.72| 41 
42 | 37.08 | 19.72 || 37.09 | 19.88 || 36.91 | 20.04 || 36.82 | 20.20| 42 
43 | 37.97 | 20.19 || 37.88 | 20.35 || 37.79 | 20.52 || 37.70 | 20.68| 43 
44 | 38.85 | 20.66 || 38.76 | 20.83 | 38.67 | 20.99 || 38.58 | 21.16 | 44 | 
45 | 39.73 | 21.13 || 39.64 | 21.30 || 39.55] 21.47 || 39.45 |21.64| 42! 
46 | 40.62 | 21.60 || 40.52 | 21.77 || 40.43 | 21.95 || 40.33 122.13) 16 
AT | 41.50 | 22.07 || 41.40 | 22.25 | 41.30 | 22.48 |] 41.21 | 22.61 47| 
48 | 42.38 | 22.53 || 42.28 | 22.72|| 42.18] 22.90 || 42.08 | 23.09 | 48 
49 | 43.26 | 23.00 || 43.16 | 23.19 || 43.06 | 23.38 || 42.96 | 23.57] 49 
50 | 44.15 | 23.47 || 44.04 | 23.67 || 43.94 | 23.86 || 43.84 !24.05| 50 
8 | Dep. | Lat Dep. | Lat. || Dep. | Lat. Dep. | Lat. 


6134 Deg. 


wt 


TRAVERSE TABLE. 


Lat. | Dep. || Lat. | Dep. || Lat. | Dep. 
| 


45.03 | 23.94 || 44.93 | 24.14 || 44.82 | 24.34 
45.91 | 24.41 | 45.81 | 45.70 | 24.81 
46.80 | 24.88 || 46.69 | 25.09 || 46.58 | 25.29 
47.68 | 25.35 || 47.57 | 25.56 || 47.46 | 25.77 
48.56 | 25.82 || 48.45 | 26.03 || 48.33.) 26.24 
; 49.45 | 26.29 || 49.33 | 26.51 || 49.21 | 26.72 
50.33 | 26.76 || 50.09 | 27.20 
: 51.21 | 27.23 || 51.09 | 27.45 || 50.97 | 27.68 
52.09 | 27.70 || 51.97 | 27.93 || 51.85 | 28.15 
52.98 | 28.17 || 52.85 | 28.40 || 52.73 | 28.63 


= 

a 

a 

3 

8 

= 

5 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 | 53.86 28.64 || 53.73 | 28.87 || 53.61 | 29.11 
62 | 54.74 | 29.11 || 54.62 | 29.35 || 54.49 | 29.58 
63 | 55.63 | 29.58 || 55.50 | 29.82 || 55.37 | 30.06 
64 |56.51 | 30.05 || 56.38 | 30.29 || 56.24 | 30.54 
65 | 57.39 | 30.52 || 57.26 | 30.77 || 57.12 | 31.02 
66 | 58.27 | 30.99 || 58.14 | 31.24 || 58.00 | 31.49 
67 | 59.16 | 31.45 || 59.02 | 31.71 || 58.88 | 31.97 
68 | 60.04 | 31.92 || 59.90 | 32.19 || 59.76 | 32.45 
3 60.92 | 32.39 || 60.78 | 32.66 || 60.64 | 32.92 
7 

7] 

72 

16) 

74 
75 

76 

TE 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 
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at 
wo 
for) 
a) 
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WS 


61.81 | 32.86 | €1.66 | 33.13 || 61.52 | 33.40 


| 62.69 | 33.33 | 62.40 | 33.88 
63.57 | 33.80 63.27 | 34.36 
64.46 | 34.27 | 64.30 | 34.55 || 64.15 | 34.83 
65.34 | 34.74 | 65.19 | 35.03 || 65.03 | 35.31 
66.22 | 35.21 | 66.07 | 35.50 || 65.91 | 35.79 
67.10 | 35.68 || 66.95 | 35.97 || 66.79 | 36.26 
| 67.99 | 36.15 | 67.83 | 36.45 || 67.67 | 36.74 
68.87 | 36.62 | 68.71 | 36.92 || 68.55 | 37.22 
| 69.75 | 37.09 | 69.59 | 37.39 || 69.43 | 37.70 
70.64 | 37.56 || 70.47 | 37.87 || 70.31 | 38.17 


71.52 | 38.03 || 71.35 | 38.34 || 71.18 | 38.65 
72.40 | 38.50 || 72.23 | 38.81 || 72.06 | 39.13 
73.28 | 38.97 || 73.11 | 39.29 || 72.94 | 39.60 
74.17 | 39.44 || 73.99 | 39.76 || 73.82 | 40.08 
75.05 | 39.91 || 74.88 | 40.23 || 74.70 | 40.56 
75.93 | 40.37 || 75.76 | 40.71 || 75 58 | 41.04 
76.82 | 40.84 | 76.64 | 41.18 || 76.46] 41.51 
77.70 | 41.31 || 77.52 | 41.65 || 77.34] 41.99 
78.58 | 41.78 || 78.40 | 42.13 || 78.21 | 42.47 
79.47 | 42.25 || 79.28 | 42.60 || 79.09 | 42.94 


80.35 | 42.72 || 80.16 | 43.07 || 79.97 | 43.42 
81.23 | 43.19 | 81.04 | 43.55 || 80.85 | 43.90 
; 82.11 | 43.66 || 81.92 | 44.02 || 81.73 | 44.38 
83.89 | 44.12 |) 82.80 | 44.49 || 82.61 | 44.85 
83.88 | 44.60 || 83.68 | 44.97 || 83.49 | 45.33 
84.76 | 45.07 84.57 | 45.44 || 84.37 45.81 
85.65. | 45.54 |) 85.45 45.91 || 85.25 | 46.28 
186.53 | 46.01 || 86 33 | 46.39 || 86.12 | 46.76 
87.41 | 46.48 || 87.21 | 46.86 || 87.00 | 47.24 
88.29 | 46.95 || 88.09 | 47.33 || 87.88 | 47.72 


Dep. | Lat. | Dep. | Lat. || Dep, | Lat. 
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294 Deg. 


Dep. 


0.49 
0.98 
1.48 
1.97 
2.46 
2.95 
3.45 
3.94 
4.43 
4.92 
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WD ~IH O® co v9 |" OOUBYSTCT 


. 


DW ~I~ID DONO PH HP CD 
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Mwawnmwnmw! ako kPpwo 


SY SSRESSISSLESE 


_ 
wo 
() 
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5.42 
5.91 
6.40 
6.89 
7.39 
7.88 
8.37 
8.86 
9.36 
9.85 


AD AINNIDDBDOOS 


oo 


HB {We €O We KO HB SO SO BO EN! "D 


WOODMDDINAMWOINN PPWWNWNRH HOS 


10.34 
10.83 
11.33 
11.82 
12.31 
12.80 
13.30 
13.79 
14.28 
14.77 


15.27 
15.76 
16.25 
16.74 
17.23 
17.73 
18.22 
18.71 
19.20 
19.70 


20.19 
20.68 
21.17 
21.67 
22.16 
22.65 
23.14 


23.68 


24.13 
24.6% 


Lat. 


5 Deg. 


~~ ae 


eager 
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3 FO!) -gaueisicy 


‘144.50 


|| 51.48 


45.37 
46.24 
47.11 
47.99 
48 .86 
49.73 
50.60 


52.35 


53.42 
54.09 
54.97 
55.84 
56.71 
57.58 
58.46 
59.33 
60.20 
61.07 


61.95 
62.82 
63.69 
64.56 
65.44} 36 
66.31 
67.18 
68.05 
68.93 
69.80 


70.67 | « 
71.54 
72.42 
73.29 
74.16 
75.03 
75.91 
76.78 
77.65 
78.52 


79.40 

80.27 
81.14 
82.01 
82.89 
83.76 
84.63 
85.50 
86.38 
87.25 


Dep. 


60] Deg. 


132 TRAVERSE TABLE. 

J Eepapraseon det amt oy STERN ap eam] aga aT aca 
D| 30 Deg. 30} Deg. 3u3 Deg. 303 Deg. | = 
a e 
a Lat. | Dep aia Dep. || Lat. | Dep. | Lat. |} Dep. | 3 
1) 0.87| 0.50] 0.83] 0.50]) 0.86] 0.51/| 0.86] 0.51 1 
2 ltd lOONs te73 be he@ia| store tent On aden) lame ene 
3} 2.60) 1.50) 2 59] 1.51 2.58! 1.52) 258) 1.53) 3 
4/ 3.46] 2.00]) 3.46] 2.02] 3.45) 2.03 |] 3 44) 2.03 4 
5; 4.33] 2.50]| 4.82) 2.52) 4.31| 2.54) 4 30] 2.56 5 
6| 5.20) 3.00]| 5.18| 3.02) 5.17) 3.05|| 5.16] 3.07] 6 
7| 6.06], 3.50|| 6.05! 3.53]] 6.03| 3.55] 6.02) 3.53 7 
8{ 6.93| 4.00} 6.91] 4.03]| 6.89] 4.06]] 6.88] 4.99 8 
0) 7-79) 4.50) 7.77) 4.53) 7.75) 4.57!) 7.73| 4.60; 9 
10; 8.66{-5.00|| 8.64] 5.041]! 8.62 5.08;| 8.59! 5.11 2 
11] 9.53] 5.50]| 9.50| 5.54]) 9.48] 5.58] 9.451 5.62) 1 
12) 10.39 | 6.00)/ 10.37] 6.05! 10.34] 6.09!/10.31! 6.14) i2 
13 ,11.26] 6.50] 11.23] 6.55! 11.2 6.60 1}11.17] 6.65] 13 
14412.12; 7.00|/12.09| 7.05'12.06] 7.11{/12.03| 7.16] 14 
15}12.99| 7.50)/12.96] 7.56 || 12.92! 7.61]/ 12.89] 7.67] 15 
1613.86 | 8.00] 13.82] 8.06//13.79| 8.12]113.75| 8.181 16 
17) 14.72] 8.50] 14.69] 8.56 |/14.65| 8.63/114.61| 8.69] 17 
18 115.59] 9.00]/15.55| 9.07|/15.51| 9.14]/15.47| 9.20! 18 
19/ 16.45] 9.50] 16.41! 9.57] 16.37] 9.641] 16.33] 9.71] 19 
20 | 17.32 | 10.00 | 17.28 | 10.08 | 17.23) 10.15 || 17.19 | 10.23} 20 
21) 18.19 | 10.50 || 18.14] 10.58 || 18.09] 10.66 || 18.05) 10.74| 21 
22 | 19.05 | 11.00] 19.00 | 11.08 18.96 | 11.17] 18.91] 11.25] 92 
#3 19.92 /11.50 | 19.87] 11.59 | 19.82] 11.671] 19.77] 11.76] 23 
24 | 20.78 | 12.00 | 20.73 | 12.69 || 20.68 | 12.18 || 20.63] 12.27] 94 
25 | 21.65 | 12.50 121.60] 12.59 | 21.54 | 12.69] 21.49] 12.78] 95 
26 | 22.52 13.00 | 22.46] 13.10 | 22.40 | 13.20 |] 22.34] 13.29| 969 
a7 | 23.38 | 13.50 |) 23.32 | 13.60 | 23.26 | 13.70 | 23.20] 13.80] 97 
23 | 24.25 | 14.00 |] 24.19] 14.11 | 24.13 | 14.21 || 24.06 | 14.32] 98 
29 | 25.11 | 14.50 | 25.05 | 14.61 | 24.99 | 14.72 || 24.92] 14.83] 99 
30 | 25.98 | 15.00 || 25.92] 15.11 || 25.85 | 15.23 |/25.78| 15.34| 30 
31 | 26.85 | 15.50 || 26.78 | 15.62 | 96.71] 15.73 || 26.64 | 15.85 31 
32 | 27.71 | 16.00 | 27.64] 16.12 || 27.57 | 16.24 |127.50|16.36| 39 
33 | 28.58 | 16.50 | 28.51 | 16.62 || 28.43 | 16.75 || 28.36|16.87| 33 
34 | 29.44 | 17.00 || 29.37] 17.13 |] 29.30 | 17-26 || 99.99 17.38] 34 
35 | 30.31 17.50 | 30.23 | 17.63 || 30.16 | 17.76 || 30.08 | 17.90 395 
36 | 31.18 | 18.00 | 31.10 | 18.14 | 31.02 | 18.27 ||30.94118.41! 36 
37 | 32.04] 18.50 || 31.96] 18.64 || 31.88 18.78 || 31.80 | 18.92 7 
33 | 32.91 | 19.00 || 32.83] 19.14 |] 32.74 | 19.29 |/22.66/19.43| 3g 
39 | 33.77 | 19.50 || 33.69 | 19.65 || 33.60 | 19.79 |i 33.521 19.94] 39 
40 | 34.64 | 20.00 || 34.55 | 20.15 | 34.47 | 20.30 |] 34.381 20.45] 40 
41 | 35.51 | 20.50 | 35.42) 20.65 || 35.33 | 20.81 | 35.24 | 20.96 | 4] 
@ | 36.37 | 21.00 | 36.28 | 21.16 || 36.19 | 21.32 |136.10/ 21.47] 49 
43 | 37.24 21.50 || 37 14] 21.66 || 37.05 | 21.82 36.95 21.99] 43 
44 | 38,11 | 22.00 | 38.01 | 22.17 || 37.91 | 22.33 |/ 37.81! 22.501 44 
46 | 38.97 22.59 | 38.87 | 22.67 | 33.77 | 22.84 1138.67 | 23.011 45 
46 | 39.84 | 23.00 | 39.74 | 23.17 || 39.63 | 23.35 39.53, 23.52] 4e 
47 40.70 | 23.50 | 40.60 | 23.68 |] 40.50 | 23.85 40.391 24.031) 47 
43 41.67 | 24.00 | 41.46 | 24.18 |] 41.36 | 24.36 |] 41.251 24.54! as 
49 | 42.44 | 24.50 | 42.33 | 24.68 || 42.22 | 24.87 |1 42.11 /25.05| 4a] 
50 | 43.30 | 25.00 | 43.19 | 25.19 |] 43.08 | 25.38 42.97 | 25.56 ;- 50 
g Dep. | Suat. || Dep. | Lat. Dep. | Lat. |} Dep. | Lat. | 3 
: : : 
i?) “ bed 
A | 60 Deg 59} Leg. 59! Deg 59} Deg. | & 
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30 Deg. 304 Deg. |} 30} Deg. 30} Deg. © | 


‘OURS 
; < 
i 
} 

20ur sig 


Lat. | Dep. || Lat. | Dep. || Lat. Dep. Lat. | Dep. 


| 43.94 | 25.88 1 43.83 26.08 51 
44.80 | 26.39 || 44.69 | 26.59 52 
Bis 5. 210 | 153 
46.53 | 27.41 |/ 46.41 | 27.61] 54 
47.39 | 27.91 || 47.27 | 28.12) 55 
48.25 | 28.42 || 48.13 | 28.63) 56 
49.11); 28 93 |) 48.99 |! 29.14] 57 
|49.97 | 29.44 || 49.85 | 29.65] 58 
50.84 | 29.94 || 50.70 | 80.17) 59 
51.70 | 30.45 || 51.56 | 30.68 | 60 


52.56 | 30.96 || 52.42 | 31.19] 61 
| 53.42 131.47 || 53.28 | 31.70] 62 
54.28 | 31.97 || 54.14 | 82.21] 63 
|55.14| 32.48 || 55.00 | 32.72) G4 
(56.01 | 32.99 |) 55.86 , 33.23] 65 
56.87 | 33.50 || 56.72 | 33.75| 66 
|b7.73 | 34.01 || 57.58 | 34.26] 67 
| 58.59 | 34.51 || 58.44 | 34.77] 68 
59.45 | 35.02 || 59.30 | 35.28 | 69 
60.31 | 35.53 || 60.16 | 35.79 | 70 


61.18 | 36.04 || 61.02 | 36.30) 71 
|62.04 | 36.54 || 61.88 | 36.81] 72 
[62.90 | 37.05 || 62.74 | 37.382 | 73 
|63.76 | 37.56 || 63.60 | 37.84 | 74 
| 64.62 | 28.07 || 64.46 | 88.35] 75 
| 
i 


rs 
on 
aD 
~~ 
w 
lor) 
x 
pa 
o 
oO 
On 


65.48 | 38.57 || 65.31 | 38.86 | 76 
66.35 | 39.08 || €6.17 | 39.37 | 77 
67.21 | 39.59 || 67.03 139.88 | 78 
68.07 | 40.10:] 67.89 | 40.39] 7 
; 40.90} 80 


169.79 | 41.11 || 69.61 | 41.41/ 81 
70.65 | 41.62 || 70.47 | 41.93] 82 
71.52 | 42.13'|| 71.33 | 42.44 | 83 
72.38 | 42.63 || 72.19 | 42.95] 84 
73.24 | 43.14 || 73.05 | 43.46 | 85 
74.10 | 43.65 || 73.91 | 43.97) 86 
74.96 144.16 || 74.77 | 44.48 | 87 
75.82 | 44.66 | 75.63 | 44.89 88 
76.68 | 45.17 || 76.49 | 45.51] 89 
77.55 | 45.68 || 77.35 | 46.02 | 90 


78.41 | 46.19 78.21 146.53 | 91 
79.27 | 46.69 || 79.071 47.04| 92 
5 | 80.13 | 47.20 |] 79.92 | 47.55 | 93 
5 || 80.991 47.71 || 80.78 | 48.06 | 94 
| 81.85 | 48.22] 81.64] 48.57| 95 
| 82.72 | 48.72 |, 82.50 | 49.08 | 96 
| 83.58 | 49.23 || 83.36 | 49.60] 97 
(84.44 49.74 || 84.22 | 50.11] 98 
85.30 | 50.25 || 85.08 50-62 99 
51.1! 


ee 


D> 
@ 
vo} 
eo 
rss 
CS 
D> 
So 
Dp 
io 2) 
~ 
on 


134: 


ODI od os 29 | COUEISIG) 


TRAVERSE TABLE 


. 


MNODOHNW POI 


DIDNT PH WWE © 
OOP ODWNRWAH CIN 

co 

iol 

io 

oO 

4) 

oo 

ied 

w 


2 GW OH CrP Co aD | GOUBISTCT 


16 


Distance. 


TRAVERSE TABLE 


veneer 


| 
= | 31 Deg. 313 Deg. 314 Deg. 312 Deg. S 
E | aie 
¢ | Lat. | Dep. |; Lat. | Dep. || Lat. | Dep. |{ Lat. | Dep. S 
51 | 43.72 | 26.27 || 43.60 | 26.46 || 43.48 | 26.65 || 43.37 | 26.84] 51 
52 | 44.57 | 26.78 || 44.46 | 26.98 || 44.34 | 27.17 || 44.22|/27.36 | 52 
53 | 45.43 | 27.30 || 45.31 | 27.49 || 45.19 | 27.69 |] 45.07 | 27.89 | 53 
54 | 46.29 | 27.81 || 46.17 | 28.01 || 46.04 | 28.21 || 45.92 | 28.42) 54 
55 | 47.14 | 28.33 || 47.02 | 28.53 || 46.90 | 28.74 || 46.77 | 28.94] 55 
56 | 48.00 | 28.84 || 47.88 | 29.05 || 47.75 | 29.26 || 47.62 | 29.47} 56 
57 | 48.86 | 29.36 || 48.73 | 29.57 || 48.60 | 29.78 || 48.47 | 29.99] 57 
58 | 49.72 | 29.87 || 49. 58 | 30.09 |] 49.45 | 30.30 || 49.32 | 30.52] 58 
59 | 50.57 | 3 -39 || 50,44 | 30.61 || 50.31 | 30.83 || 50.17| 31.05} 59 
60 | 51.43 | 30.90 |] 51.29; 31.13 151.16 31.35 | 51.02 31.57] 60 
61 | 52.29 | 31.42 || 62.15 | 31.65 || 52.01 | 31.87 || 51.87 | 32.10] 61 
62 | 53.14 | 31.93 || 53.00 | 32.16 || 52.86 | 32.39 || 52.72 | 82.63} 62 
63 | 54.00 | 32.45 || 53.86 | 32.68 || 53.72 | 32.92 || 53.57 | 33.15] 63 
64 | 54.86 | 32.96 || 54.71 | 33.20 || 54.57 | 33.44 || 54.42 | 33.68} 64 
65 | 55.72 | 33.48 || 55.57 | 33.72 || 55.42 | 33.96 || 55.27 | 34.20] 65 
66. | 56.57 | 33.99 || 56.42 | 34.24 || 56.27 | 34.48 |] 56.12 | 34.73] 66 
67 | 57.43 | 34.51 || 57.28 | 34.76 || 57.13 | 35.01 || 56.98 | 35.26 | 67 
68 | 58.29 | 35.02 || 58.13 | 35.28 || 57.98 | 35.53 || 57.82 | 35.78 | 68 
69 | 59.14 | 35.54 || 58.99 | 35.80 || 58.83 | 36.05 || 58.67 | 36.31 | 69 
70 | 60.00 | 36.05 || 59.84 | 36.31 || 59.68 | 36.57 || 59.52 | 36.83} 70 
71 | 60.86 | 36.57 || 60.70 | 36.83 || 60.54 | 37.10 || 60.37! 37.36] 71 
72 | 61.72 | 37.08 || 61.55 | 37.35 |/-61.39 | 37.62 || 61.23 | 37.89 | 72 
73 | 62.57 | 37.60 || 62.41 | 37.87 || 62.24 | 38.14 || 62.08 | 38.41] 73 
74. | 63.43 | 38.11 || 63.26 | 38.39 || 63.10 | 38.66 |] 62.93 | 38.94 | 74 
75 | 64.29 | 38.63 || 64.12 | 38.91 | 63.95 | 39.19 || 63.78 | 39.47 | 75 
76 | 65.14 | 39.14 || 64.97 | 39.43 || 64.80 | 39.71 || 64.63 | 39.99 | 76 
77 | 66.00 | 39.66 || 65.83 | 39.95 | 65.65 | 40.23 | 65.48 | 40.52 | 77 
78 | 66.86 | 40.17 || 66.68 | 40.46 || 66.51 | 40.75]| 66.33 |41.04| 78 
79 | 67.72 | 40.69 || 67.54 | 40.98 || 67.36 | 41.28 || 67.18 | 41.57 | 79 
80 68.57 | 41.20 68.39 | 41.50 || 68.21 | 41.80 || 68.93 | 42.10] 80 
81 | 69.43 | 41.72 || 69.25 | 42.02 || 69.06 | 42.32 | 68.88 /42.62| 81 
82 | 70.29 | 42.23 || 70.10 | 42.54 | 69.92 | 42.84 | 69.73 | 43.15 | 82) 
83 | 71.14 | 42.75 || 70.96 | 43.06 || 70.77 | 43.37 || 70.58 | 43.68 | 83 
84 | 72.00 | 43.26 || 71.81 | 43.58 || 71.62 | 43.89 || 71.43 | 44.20 | 84 
85 | 72.86 | 43.78 || 72.67 | 44.10 || 72.47 | 44.41 || 72.28 | 44.73 | 85 
86 | 73.72 | 44.29 || 73.52 | 44.61 || 73.33 | 44.92 || 73.13 | 45.25 | 86 
87 | 74.57 | 44.81 || 74.38 | 45.13 || 74.18 | 45.46 || 73.98 | 45.78 | 87 
88 | 75.43 | 45.32 || 75.23 | 45.65 || 75.03 | 45.98 || 74.83 | 46.31 | 88 
89 |'76.29 | 45.84 || 76.09 | 46.17 || 75.88 | 46.50 || 75.68 | 46.83: 89 
90 | 77.15 | 46.35 || 76.94 | 46.69 || 76.74 | 47.02 || 76.55 | 47.36 | 90 
“91 | 78.00 | 46.87 || 77.80 | 47.21 | 77.59 | 47.55 || 77.38 | 47.89} 91 
92 | 78.86 | 47.38 || 78.65 | 47.73 || 78.44 | 48.07 || 78.23 | 48.41 | 92 
93 | 79.721 47.90|| 79.51 | 48.25 || '79.30 | 48.59 || 79.08 | 48.94) 93 
94 | 80.57 | 48.41 || 80.36 | 48.76 || 80.15] 49.111 79.93 ; 49.47) 94 
95 | 81.43 | 48.93 || 81.22 | 49.28 81.001 49.64 80 78 | 49.95 | 95 
96 | 82.29 | 49.44 || 82.07 | 49.80 || 81.85 | 50.16 || 81.63 | 50.52) 96 
97 | $3.15 | 49.96 || 82.93 | 50.32 || 82.71| 50 68 || 82.48 5:.04| 97 
98 | 84,00 | 50.47 || 83.78 | 50.84 | 83.56] 51.20 || 83.33 | 51.57) 98 
99 | 84.86 | 50.99 || 84.64 | 51.86 || 84.41] 51.73 || 84.18 | 52.10} 99 
100 | 85.72 | 51.50 || 85.49 | 51.88 | 85.26 | 52.25 || 85.04 | 52.62 106 
$ | Dep. | Lat. || Dep. | Lat. || Dep. | Lat. || Dep. | Lat. | & 
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TRAVERSE TABLE. 137 
i) DE SRS 1 EF EES 
; 2 32 Deg. 324 Deg. | 324 Deg. 32} Deg. o 
g Lat. | Dep. | Lat. | Dep. || Lat. | Dep. || Lat. | Dep 8 
51 | 43.25 | 27.03 || 43.13 | 27.21 |) 43.01 | 27.40 || 42.89 | 27.59] 51 
92 | 44.10 | 27.56 || 43.98 | 27.75 || 43.86 | 27.94 || 438.73] 28.13] 52 
53 | 44,95 | 28.09 || 44.82 | 28.28 || 44.70 | 28.48 |] 44.58 | 28.67] 53 
54 45,79 | 28.62 || 45.67] 28.82 || 45.54 | 29.0111 45.42] 29.21) 54 
05 | 46,64 29.15 || 46.51 | 29,35 || 46.39 | 29.55 || 46.26] 29.75) 55 
56 | 47.49 | 29.68 || 47.36 | 29.88 || 47.23 | 30.09 | 47.10 | 30.29) 56 
57 | 48.34 | 30.21 || 48.21 | 30.42 || 48.07 | 30.63] 47.94 | 30.84] 57 
58 49.19 | 30.74 || 49.05 | 30.95 || 48.92 | 31.16 || 48.78] 31.38] 58 
59 50.03/31 27 || 49.90] 31.48 || 49.76 | 31.70 || 49.62] 31.92] 59 
60 50.88 31.80 |) 50.74 32.02 || 50.60 | 32.24 || 50.46 | 32.46} 60 
61 | 51.73 | 32.33 | 51.59 | 32.55 || 51.45 | 32.78 || 51.30] 33.00) 61 
62 | 52.58 | 32.85 || 52.44] 33.08 || 52.29 | 33.31 || 52.14] 33.54] 62 
63 | 53.43 | 33.38 || 53.28 | 33.62 || 53.13 | 33.85 || 52.99 | 34.08] 63 
64 | 54.28 | 33.91 | 54.13 | 34.15 || 53.98 | 34.39] 53.83 | 34.62] 64 
65 | 55.12 | 34.44 || 54.97 | 34.68 || 54.82 | 34.92 || 54.67] 35.16) 65 
66 | 55.97 | 34.97 || 55.82 | 35.22 || 55.66 | 35.46 || 55.51 | 35.70) 66 
67 | 56.82 | 35.50 || 56.66 | 35.75 || 56.51 | 36.00 |] 56.35 | 36.25) 67 
68 | 57.67 | 36.03 | 57.51 | 36.29 || 57.35 | 36.54 || 57.19 | 36.79| 68 
69 | 58.52 | 36.56 | 58.36 | 36.82 || 58.19 | 37.07 || 58.03 | 37.33 | 69 
70 | 59.36 | 37.09 || 59.20 | 37.35 || 59.04 | 37.61 | 58.87; 37.87] 70 
71 160.21 | 37.62 | 60.05 | 37.89 159.88 | 38.15] 59.71 | 38.41 1 
72 | 61.06 | 38.15 || 60.89 | 38.42 60.72 | 38.69 || 60.55 | 38.95} 72 
73 | 61.91 | 38.68 | 61.74 | 38.95 || 61.57 | 34.22 || 61.40] 39.49] 73 
74 | 62.76 | 39.21 | 62.58 |.39.49 | 62.41 | 39.76 | 62.241 40.03 | 74 
75 | 63.60 | 39.74 || 63.43 | 40.02 || 63.25 | 40.30 || 63.03 | 40.57 | 75 
76 | 64.45 | 40.27 | 64.28 | 40.55 || 64.10 | 40.83 || 63.92) 41.11] 76 
77 | 65.30 | 40.80 |) 65.12} 41.09 || 64.94 | 41.37 || 64.76 | 41.65) 77 
* 78 | 66.15 | 41.33 |] 65.97 | 41.62 || 65.78 | 41.91 || 65.60 | 42.20) 78 
79 | 67.00 41.86 || 66.81 | 42.16 || 66.63) 42 45 | 66.44/42.74) ‘7y 
80 | 67.84 | 42.39 || 67.66 | 42.69 || 67.47 | 42.98 || 67.28 | 43.28 | 80 
81 | 68.69 | 42.92 }| 68.50 | 43.22 || 68.31 | 43.52 || 68.12 | 43.82) 81 
82 | 69.54 | 43.45 || 69.35 | 43.76 || 69.16 | 44.06 || 68.97) 44.36) 82 
83 | 70.39 | 43.98 || 70.20 | 44.29 || 70.00 | 44.60 || 69.81) 44.90) 83 
84 | 71.24 | 44.51 )| 71.04 | 44.82 || 70.84145.13 | 70.65) 45.44 | 84 
85 | 72.08 | 45.04]| 71.89 | 45.36 || 71.69 | 45.67 || 71.49 | 45.98] 85 
86 | 72.93 | 45.57 || 72.73 | 45.89 || 72.53 | 46.21 || 72.33 | 46.52) 86 
87 | 73.78 | 46.10 || 73.58 | 46.42 || 73.38 | 46.75 || 73.17|47.06| 87 
88 | 74.63 | 46,63 || 74.42 | 46.96 || 74.22 | 47.28 || 74.01 |47.61| 88 
89 | 75.48 | 47.16 || 75.27 | 47.49 || 75.06 | 47.82 || 74.85148.15| 89 
$0 | 76.32 | 47.69 || 76.12 | 48.03 || 75.91 | 48.36 15.69 48.69) 90 
91/77.17 | 48.22 | 76.96 | 48.56 || 76.75 | 48.89 || 76.53 | 49.23, 91 
92 | 78.02 | 48.75 || 77.81] 49.09 ||'77.59 | 49.4331 77.381 49 77) 9% 
93 | 78.87 | 49.28 || 78.65 | 49.63 || 78.44 | 49.97 || 78.22 | 50.31 3; 
94 | 79.72} 49.81 || 79.50 | 50.16 || 79.28 | 50.51! 79.06 | 50.85} 94 
95 | 80.56 | 50.34 || 80.34 | 50.69 || 80.12 | 51.04 || 79.90) 51.39) 95 
96 | 81.41.| 50.87 || 81.19 | 51.23 || 80.97 | 51.58 | 80.74151.93) 96 
97 | 82.26 | 51.40 |! 82.04 | 51.76 || 81.81 | 52.12 || 81.58 | 52.47) 97 
98 | 83.11 | 51.93 || 82.88 | 52.29 || 82.65 | 52.66 || 82.42) 52.02) 98 
97 | 83.96 | 52.46 || 83.73 | 52.83 || 83.50 | 53.19 || 83.26 (53.56; 99 
100 | 84.80 | 52.99 || 81.57! 53.36 || 84.94 | 53.73 || 84.10 | 54.10 | 190 
(5) o 
g Dep. ' Lat. |} Dep. | Lat. || Dep. | Lat. |; Dep. | Lat g 
Sj) = E 
“3 
S| 58 Deg. 57} Deg 574 Deg 574 Deg rs | 
’ “ | 
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Ss 33 Deg. 334 Deg. 334 Deg 33} Deg. o 
a n 
5 — ———| é 
8 Lat. | Dep Lat. | Dep. || Lat. | Dep. || Lat. | Dep a 
1] 0.84) 0.54]! 0.84] 0.55]/ 0.83] 0.551 0.83] 0.66 I 
2} 1.68) 1.09] 1.67] 1.10]! 1.67] 1.10]] 1.66} 1.11); 9 
3| 2.62) 1.63] 2.51] 1.64]} 2.50] 1.66]] 2.49] 1 67! 3 
4{ 3.35] 2.18] 3.35] 2.19] 3.34} 2.21 ]| 3.33] 2.99 4 
5, 4.19] 2 72)| 4.18) 2.74 4.17 2.76 | 4.15! 2.78; 5 
6. 6.03) 3 27] 5.02] 3.29]] 5.00] 3.31/] 4.99! 3.23 6 
7; 5.87) 3.81|| 5.85] 3.84]] 5.84] 3.86] 5.82] 3.89 7 
8! 6.71; 4.36] 6.69] 4.39] 6.67] 4.42]/] 6.65| 4.44 8 
9| 7.55} 4.90] 7.53] 4,93] 7.50] 4.971) 7.48] 5.00 9 
10} 8.39) 5.45|) 8.36] 5.48 || 8.34 5.52] 8.31] 5.56! 10 
11) 9.23} 5.99|/ 9.20} 6.03]| 9.17] 6.07]| 9.15) 6-11 11 
12; 10.06) 6.54] 10.04} 6.58 ||10.01| 6.62]! 9.98| 6.67 12 
13} 10.90) 7.08 || 10.87} 7.13]/ 10.84] 7.18 |! 10.81 7.22) 13 
14(111.74) 7.62) 11.71] 7.68} 11.67] 7.73|/ 11.64! 7.78 14 
15]12.58) 8.17] 12.54] 8.22 |/12.51| 8.28 // 12.47] 8.33 15 
16) 13.42] 8.71] 13.38] 8.77 |.13.341 8.83 || 13.30! 8.89 16 
17/ 14.26] 9.26) 14.22] 9.32 ]/14.18| 9.38 114.13 9.44) 17 
18/15.10] 9.80)]| 15.05} 9. 
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50 | 41.93 | 27.23 || 41.81 |27.41 141.69 | 9760 41.57} 27.78 | 59 


g Dep. | Lat. || Dep. | Lat. Dep. | Lat. || Dep. | Lat. "Ss 
E | oa \ ——— : 3 
5 | 57 Deg 56} Deg 563 Deg B61 Deg. | 2 


|eouBAsT(] 


TRAVERSE TABLE. 


Lat. 


Dep. 


42.53 
43.35 
44.20 
45.03 
45.86 
, 46.70 


48.37 
49.20 
50.03 


47.53 j 


28.15 
28.70 
29.25 
29.80 
30.36 
30.91 
31.46 


32.01; 


32.56 
33.12 


50.87 
51.70 
52.53 
53.37 
54.20 
55.04 
05.87 
56.70 
57.54 
538.37 


33.67 
34.22 
34.77 
35.32 
35.88 
36.43 
36.98 
37.53 
38.08 
38.64 


59.21 
60.04 
| 60.87 
61.71 
62.54 
63.38 
64.21 
65.04 
65.88 
66.71 


39.19 
39.74 
40.29 
40.84 
41.40 
41.95 
42.50 
43.05 
43.60 
44.15 


67.54 
68.33 
69.21 
70.05 
70.88 
TUS Al 
72.55 


74.22 


73.38 | 
75.05 | 


44.71 
45.26 
45.81 
46.36 
46.91 
47.47 
48 .02 
48.57 
49.12 
49.67 


75.88 
76.72 
77.55 
78.39 
79.22 
80.05 
80.89 
81.72 
82.55 
83.39 


50.23 | 75. 
50.78 |; 


51.33 
51.88 
52. 43 
52.99 
53.54 
54.09 


54.64 }) 
55.19 


Dep. 


Lat. 


564 Deg. 
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| 
34 Deg. 344 Deg. 34 Deg. 34} Deg. 


e | = 
a | 7 
ates See ee i 
a Lat, | Dep. | Lat. | Dep. || Lat. | Dep. |} Lat. | Dep. 3 
a ewe ey ae | = = RE: 
1|0.84|70.56 |) 0.83! 0.56]) 0.82| 0.57)! 0.82| c.57| 1 
2) 1.66] 1.12 | 1.65; 1.13|| 1.65| 1.13] 1.64] 1.14] 2 
3| 2:49] 1.68] 2.48| 1.69 || 2.47| 1.70] 2:46] 1.71] 3 
4) 3.32) 2.24|) 3.31| 2.25|| 3.30] 2.27] 3:29) 2.28] 4 
5| 4.15| 2.80] 4.13| 2.81] 4.12] 2.83|| 4:11] 2.85] 6 
6| 4.97| 3.36] 4.96! 3.38]| 4.94) 3.40|) 4:93! 3.42] 6 
7| 5.80| 3.91]| 5.79! 3.94]) 5.77| 3.96|| 5.75| 3.99| 7 
8| 6.63| 4.47|| 6.61| 4.50]| 6.59! 4.53] 6.57| 4.56] 8 
9| 7.46| 5.03] 7.44] 5.07] 7.42] 5.20] 7.39] 2.13] 9 
10} 8.29] 5.59 || 8.27| 5.63) 8.24/ 5.66 || 8.22] 5.70] 10 
11| 9.12| 6.15 || 9.09| 6.19 |) 9.07| 6.23|) 9.04| 6.27{ 1 
12| 9.95] 6.71]| 9.92] 6.75|| 9.89] 6.80|| 9.86| 6.84] 12 
13|10.78| 7.27] 10.75| 7.32 ||10.71| 7.36) 10.68| 7.41] 13 
14) 11.61} 7:83 || 11.57| 7.88 |/11.54| 7.93] 11.50| 7.98] 14 
15|12.44| 8:39] 12.40| 8.44 ||12.36| 8.50||12:32| 8.55] 15 
16 | 13.26] 8.95| 13.23] 9.00 |/13.19| 9.06 || 13.15] 9.12] 16 
17/14.09| 9.51 | 14:05| 9.57 |/14.01| 9.63/13.97| 9.69] 17 
18 | 14:92 | 10:07 | 14:88 | 10.13 || 14.83 | 10-20 | 14:79 | 10.26] 18 
19 | 15.75 | 10.62 || 15.71 | 10.69 || 15.66 | 10.76 | 15.61} 10.83| 19 


20 | 16.58 | 11.18 || 16.53 | 11.26 || 16.48 | 11.33 | 16.43 / 11.40) 20 
21)17.41 | 11.74 || 17.36 | 11.82 || 17.31-| 11.89] 17.25111.87] 21 
22 | 18.24) 12.30 || 18.18} 12.38 | 18.13 | 12.46 |] 18.08 | 12.54] 2 
23 | 19.07 | 12.86 | 19.01 | 12.94 || 18.95 | 13.03 |] 18.90 ee 23 
25 | 20.73 | 13.98 || 20.66 | 14.07 |] 20.60 | 14.16 || 20.54] 14.25] 25 
26 | 21.55 | 14.54 || 21.49 | 14.63 || 21.43 | 14.73 || 21.361 14.82] 26 
27 | 22.38 | 15.10 22.32 | 15.20 || 22.95 115.29 199.18 115.39 |= 27 ¢ 
28 | 23.21 | 15 66 || 23.14] 15.76 || 23.08 | 15.86 || 23.01 ]15.96] 28 
29 | 24.04] 16.22 || 23.97 | 16.32 || 23.99 | 16.43 |] 23.83] 16.53] 29 
30.| 24.87] 16.78 || 24.80 | 16.88 | 24.72 | 16.99 || 24.65117.10} 30 
81 | 25.70 | 17.33 || 25.62.) 17.45 125.55 | 17.56 || 295.47 117.67) 31 
32 | 26.531 17.89 || 26.45! 18.01 || 26.37 | 18.12 || 26.29 | 18.241 32 
33:| 27.36 |18.45 || 27.28 | 18.57 || 27.20 | 18.69 || 27.11 |18-81] 33 
34 | 28.19] 19.01 |] 28.10 | 19.14 |] 28.02 | 19.26 | 27.94 ]19.38| 34 
35 | 29.02 | 19.57 || 28.93 | 19.70 || 28.84 | 19.82 || 28.76 |19.95| 35 
36 | 29.85 | 29.13 || 29.76 | 20.26 || 29.67 | 20.39 || 29.58 | 20.52] 36 
37 | 30.67 | 20.69 || 30.58 | 20.82 |] 30.49 | 20.96 || 30.40 | 21.09| 37 
38 | 31.50 | 21.25 || $1.41 | 21.39 || 31.32 | 21.52 1 31.22 121.66] 3s 
39 | 32.33 | 21.81 || 32.24 | 21.95 || 32.14 | 22.09 || 32.04 | 22.23] 39 
40 | 33.16 | 22.37 || 33:06 | 22.51 || 32.97 | 22.66 || 32.87 | 22.80) 40 
41 | 33.99 | 22.93 133.89 | 23.07 || 33.79 | 23.22 || 33.69 | 23.37) 47 
42 | 34.82] 23.49 || 34.72 | 23 64 || 34.61 | 23.79 || 84.51 | 23.94] 49 
43 | 35.65 | 24.05 || 35.54 | 24 20 || 35.44 | 24.36 || 35.33 |24.51| 43 
44.| 36.48 | 24.60 || 36.37 | 24 76 || 36.26 | 24.92 || 36.15 | 25.08] 44 
45 | 37.31 | 25.16 || 37.20 | 25 33 || 37.09 | 25.49 1 36.$7/25.65| 45 
46 | 38.14 | 25.72 || 38.02 | 25 89 || 37.91 | 26.05 || 37.80 | 26.22] 46 
47 | 38.96 | 26.28 || 38.85 | 26.45 || 38.73 | 26.62 || 38.62 | 26.79 | 47 
48 | 39.79 | 26.84 || 39.68 | 27.01 || 39.56 | 27.19 || 39.44 127.36! 48 
49 | 40.62 | 27.40 || 40.50 | 27.58 |] 40.38 | 27.75 || 40.26 |27.93| 4y 
00 41.45 | 27.96 | 41.33 | 28.14 ]/ 41.21 | 28.32 |] 41.08 | 28.50] 50 


Dep. | Lat. || Dep. | Lat. || Dep. | Lat. |] Dep. | Lat: 
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Pe socteratianos banc. 1 
S. 34 Deg. 34} Deg. 343 Deg. 34} Deg. o 
— we 
E — ; 
8 | Lat. | Dep Lat. | Dep. || Lat. | Dep. | Lat. | Dep ne 
51 /42.28 28.52 42.16 | 28 70 || 42.03 | 28.89 || 41.90} 29.07] 51 
52 | 43.11 | 29.08 || 42.98 | 29.27 || 42.85 | 29.45 || 42.73; 29.641 52 
53 143.54 29.64 || 43.81 | 29.83 | 43.68 | 30.02 || 43.55! 30.21) 53 
54 | 44.77 | 30.20 || 44.64 | 30.39 || 44.50 | 30.59 || 44.37] 30 78) 54 
55 45.60 | 30.76 || 45.46 | 30.95 | 45.33 | 31.15 || 45.19 | 31.35] 55 
56 | 46.43 | 31.31 || 46.29 | 31.52 |/46.15131.72]146 01/31.92) 46 
57 | 47.26 | 31.87 || 47.12 | 32.08 | 46.98 | 32 29 | 46.83 32.49 | 57 
58 | 48.08 | 32.43 || 47.94 | 32.64 || 47.80 | 32.85 || 47.66 | 33.06! 58 
59 48.91 | 32.99 || 48.77 | 33.21 || 48.62 | 33.49 || 48.48 | 33.63] 59 
60 49.74 | 33.55 || 49.60 | 33.77 || 49.45 | 33.98 |] 49.30} 34.20] 60 
61 50.57 | 34.11 || 50.42 | 34.33 || 50.27) 34.55 || 50.12); 34.771 61 
62 | 51.40 | 34.67 || 51.25 | 34.89 |] 51.10 | 35.12 || 50.94|35.34] 62 
63 | 62.23 | 35.23 |) 52.08 | 35.46 || 51.92 | 35.68 || 51.76) 35.91] 63 
64 53.06 | 35.79 || 52.90 | 36.02 || 52.74 | 36.25 || 52.59 | 36.48] 64 
65 | 53.89 | 36.35 || 53.73 | 36.58 || 53.57 | 36.82 || 53.41] 37.05] 65 
66 | 54.72 | 36.91 || 54.5 | 37.15 |] 54.39 | 37.38 || 54.23] 37.62 | 66 
67 | 55.55 | 37.46 || 55.38 | 37.71 |, 55.22 | 37.95 || 55.05| 38.19] 67 
68 | 56.37 | 38.03 || 56.21 | 38.27 || 56.04] 38.52 || 55.87/ 38.76] 68 
69 | 57.20 | 38.58 || 57.03 | 38.83 || 56.86 | 39.08 || 56.69 | 39.33] 69 
70 | 58.03 | 39.14 || 57.8€ | 39.40 || 57.69 | 39.65 |] 57.52 | 39.90]. 70 
71 | 58.86 | 39.70 || 58.69 | 39.96 |/ 58.51 | 40.21 || 58.341 40.47] 71 
72 | 59.69 | 40.26 || 59.51 | 40.52 || 59.34] 40.78 || 59.16] 41.04] 72 
73 | 60.52 | 40.82 || 60.34 | 41.08 |} 60.16 | 41.35 || 59.98! 41.61) 73 
74. | 61.35 | 41.38 || 61.17 | 41.65 || 60.99 | 41.91 || 60.80 | 42.18! 74 
75 | 62.18 | 41.94 |/61.99 42.21 || 61.81 | 42.48 || 61.62) 42.75] 75 
76 | 63.01 | 42.50 || 62.82 | 42.77 || 62.63 | 43.05 ]| 62.45 | 43.32] 76 
77 | 63.84 | 43.06 || 63.65 | 43.34! 63.46 | 43.61! 63.27/ 43.89) 77 
78 | 64.66 | 43.62 || 64.47 | 43.90 || 64.28 | 44.18 || 64.091 44.46] 78 
79 | 65.49 | 44.18 || 65.30 | 44.46 || 65.11 | 44.75 || 64.91 | 45.03 | 79 
80 | 66.32 | 44.74 || 66.13 | 45.02 | 65.93 | 45.31 || 65.73 | 45.60 | 80 
“81 | 67.15 | 45.29 || 66.95 | 45.59 | 66.75 | 45.88 || 66.55/ 46.17] 81 
82 | 67.98 | 45.85 || 67.78 | 46.15 || 67.58 | 46.45 || 67.37 | 46.74 2 
83 | 68.81 | 46.41 || 68.61 | 46.71 | 68.40 | 47.01 |] 68.201} 47.31 | 83 
84 | 69.64 | 46.97 | 69.43 | 47.28 || 69.23 | 47.58 | 69.02] 47.88 | 84 
85 | 70.47 | 47.53 || 70.26 | 47.84 || '70.05 | 48.14 | 69.84 48.45 | 85 
86 | 71.30 | 48.09 || 71.09 | 48.40 | 70.87 | 48.71 || 70.66 | 49.02] 86 
87 | 72.13 | 48.65 || 71.91 | 48.96 || 71.70 | 49.28 || 71.48 | 49.59] 87 
88 | 72.96 | 49.21 || 72.74 | 49.53 || 72.52 | 49.84 || 72.30 | 50.161 88 
89 | 73.78 | 49.77 || 73.57 | 50.09 || 73.35 | 50.41 || 73.13} 50 73. 89 
90 | 74.61 | 50.33 || 74.39 | 50.65 | 74.17} 50.98 73.95 | 51.30 90 
“91 (75.44 | 50.89 || 75.22 | 51.22 | 75.00 | 61.54 || 74.77 | 51.87| 91 
92 | 76.27] 51.45 || 76.05 | 51.78 || 75.82 | 52.11) 75.59 | 52.44) 92 
93 | 77.10 | 52.00 || 76.87 | 52.34 || 76.64 | 52.68 || 76.4) | 53.01} 93 
94 | 77.93 | 52.56 || 77.70 | 52.90 | 77.47 | 53.24 | 77.23 53.58 | 94 
95 | 78.76 | 53.12 || 78.53 | 53.47 | 78.29 | 53.81 |) 78.06} 54.15, 95 
96 | 79.59 | 53.68 || 79.35 | 54.03 |) 79.12 | 54.37 || 78.88 | 54.72) 96 
97 | 80.42 | 54.24 |] 80.18 | 54.59 | 79.94 | 54.949) 79 70 | 55.29; 97 
98 | 81.25] 54.80 || 81.01 | 55.15 || 80.76 | 55.51 || 80 52| 55.86) 98 
99 | 82.07) 55.36 || 81.83 | 55.72 || 81.59 | 56.07 || 81.34 | 56.43 | 99 
10) | 82.90 | 55.92 || 82.66 | 56.28 || 82.41 | 56.64 || 82.16 | 57.001 100 
S) 
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ee e 
dO SET OLS auesig] 
Ow] DIBA HRWMOHS 


¥ WO DDIM) ON 
RE eR EL CARE Tet 

WWD str OO U)| Dd 

WIO HH WII OO] OO 


| 16.23 
17.04 
17.85 
18.67 
19.48 
20.29 
121.10 
21.91 
| 22.721 16. 
23.54] 16. | 
24.35 | 
25.16 
25.97 
26.78 
127.59 
28.41 | 
29.22 
30.03 
30.84 
131.65 
| 32.46 
133.27 
34.09 
34.90 
35.71! 
36.52 | 
37.33 
38.14 
38.96 
39.77 
40.58 | 29 


Distance. 
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354 Deg. 


353 Deg. 


Dep. 


cs 
nw 
lod 
~ 
wo 
(—) 
So 
— 


30.38 
30.97 
31.55 
32.13 
45.45 | 32.72 
33.30 
33.89 
34.47 
35.05 


29.80) £ 


35.64 
36.22 
36.81 
37.39 
37.98 
38.56 
39.14 
39.73 
40.31 
40.90 


42.07 
42.65 
43.23 
43.82 
44.40) 
44.99 | 
45.57 
46.16 
46.74 


41.48 | 


47.32 
47.91 
48.49 
49.08 
49.66 
50.25 
50.83 | 
51.41 
52.00 
52.58 


63.17 
53.75 
54.34 
54.92 
| 77 10| 55.50 
56.09 
56.67 
57.26 


543 Deg. 


543 Deg. 
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364 Deg. 


365 Deg. 


Lat. | Dep. 


0.81; 0.59 
16H) Ms 
2.42] 1.77 
3.23] 2.37 


3.59 


— 


—_— 


iD OP 0930 | GOURISI(T 


DWaIVWHD) OVO 


NDoOoe!]r 


OMBlw@ronPARwNr oe 


18.22 
18.81 
19.40 
19.98 
20.57 
21.16 
21.75 
22.34 
22.92 
23.51 


24.69 
25.27 
25.86 
26.45 | 
27.04 
27.63 
28.21 
28.80 
29.39 


24.10 |} 


Lat. 


TRAVERSE TABLE. 145 
SO ————ee 
36 Deg. 364 Deg. 364 Deg. 363 Deg. 


Lat. | Dep. || Lat. Dep. | Lat | Dep || Lat. Dep. 


61} 41.26 29.98 | 41.13] 30.16 |/41.00 | 80.34 | 40 86 30.51/51 
52 42 07 | 30.56 || 41.94] 30.75 || 41.80 | 30.93 || 41 67/ 31.11] 52 
53 | 42.88 | 31.15 142.74 | 31.34 || 42.60 | 31.53 | 42.47/ 31.71] 53 
54 | 43.69 | 31.74 || 43.55 | 31.93 || 43.41 | 32.12 || 43.27 | 32.31] 54 
55 | 44.50 | 32.33 | 44.35 | 32.52 | 44.21 | 32.72 || 44.07 | 32.91! 55 
56 | 45,30 | 32.92 | 45.16 | 33.11 || 45.02 | 33.31 || 44.87|33.51| 56 
57 | 46.11 | 33.50 || 45.97 | 33.70 || 45.82 | 33.90 || 45.67 | 34.10} 57 
58 |46.92 | 34.09 || 46.77 | 34.30 || 46.62 | 34.50 || 46.47 | 34.70] 58 
| 59 | 47.73 | 34.68 || 47.58 | 34.89 || 47.43 /35 09 || 47.27/ 35.30] 59 
60 | 48.54 | 35.27 || 48.39 | 35.48 || 48.23 | 35.69 || 48.08| 35.90] 60 


61 | 49.35 | 35.85 || 49.19} 36.07 || 49.04 | 36.28 || 48.88 |36.50| 61 
€2 | 50.16 | 36.44 || 50.00 | 36.66 || 49.84 | 36.88 || 49.68] 37.10] 62 
63 | 50.97 | 37.03 || 50.81 | 37.25 || 50.64 | 37.47 || 50.48 | 37.69] 63 
$4 | 51.78 | 37.62 | 51.61 | 37.84 || 51.45 | 38.07 || 51.28 | 38.29] 64 
65 | 52.59 | 38.21 || 52.42 | 38.44 3 52.08 | 38.89] 65 
66 | 53.40 | 38.79 | 53.23 | 39.03 || 58.05 | 39.26 || 52.88 | 39.49} 66 
67 | 54.20 | 59.38 || 54.03 | 39.62 || 53.86 | 39.85 || 53.68 | 40.09] 67 
68 | 55.01 | 39.97 || 54.84 | 40.21 || 54.66 | 40.45 || 54.49 | 40.69) 68 
69 | 55.82 | 40.56 || 52.64 | 40.80 || 55.47 | 41.04 |) 55.29) 41.28] 69 
79 | 56.63 | 41.14 || 56.45 | 41.39 || 56.27 | 41.64) 56.09] 41.88) 70 
71 | 57.44 | 41.73 || 57.26 | 41.98 || 57.07 | 42.23 || 56.89 | 42.48] 71 
72 | 58.25 | 42.32 | 58.06 | 42.57 || 57.88 | 42.83 | 57.69 | 43.08 | 72 
: 2 - 43.17 || 58.68 | 43.42 | 58.49! 43.68] 73 
74 | 59.87 | 43.50 |, 59.68 | 43.76 || 59.49 | 44.02 | 59.29 | 44.28) 74 
75 | 60.68 | 44.08 | 60.48 | 44.35 || 60.29 | 44.61 || 60.09 | 44.87) 75 
{ 
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76 |61.49 | 44.67 || 61.29 | 44.94 || 61.09 | 45.21 | 60.90 | 45.47] 76 
77 | 62.29 | 45.26 || 62.10 | 45.53 || 61.90 | 45.80 | 61.70 | 46.07 |. 77 
78 | 63.10 | 45.85 || 62.90 | 46.12 || 62.70 | 46.40 || 62.50 | 46.67) 78 
79 | 63.91 | 46,43 || 63.71 | 46.71 || 63.50 | 46.99 || 63.30 | 47.27] 79 
80 | 64.72 | 47.02 || 64.52 | 47.30 || 64.31 | 47,59 || 64.10 | 47.87] 80 


81 | 65.53 | 47.61 || 65.32 | 47.90'1165.11 | 48.18 || 64.90 | 48.46] 81 
82 | 66.34 | 48.20 || 66.13] 48.49 || 65.92 | 48.78 || 65.70) 49.06) 82 
83 | 67.15 | 48.79 | 66.93 | 49.08 || 66.72 | 49.37 || 66.50 | 49.66) 83 
84 | 67.96 | 49.37 | 67.74 | 49.67 || 67.52 | 49.97 || 67.31] 50,26) 84 
85 | 68.77 | 49.96] 68.55 | 50.26 || 68.33 | 50.56 | 68.11 | 50.86) 85 
86 | 69.58! 50.55 |] 69.35 | 50.85 || 69.13 | 51.15 || 68.91 |51.46 |] 86 
87 | 70.38 | 51.14 || 70.16 | 51.44 || 69.94 | 51.75 | 69.71 | 52.05) 87 
88 |'71.19 | 51.73 |) 70.97 | 52.04 || 70.74 | 52.34 || 70.51 | 52.65] 88 
89 | 72.00 | 52.31 || 71.77 | 52.63 || 71.54 | 52.94 || 71.31 | 53.25! 89 
90 | 72.81 | 52.90 || 72.58 | 53.22 || 72.35 | 53.53 || 72.11] 53.85) 90 
91 | 73.62 | 53.49 || 73.39 | 53.81 || 73.15 | 54.13 || 72.91 | 54.45] 91 
$2174.43 | 54.08 | 74.19 | 54.40 || 73.95 | 54.72 || 73.72 55.05} 92 
92 | 75.24 | 54.66 || 75.00 | 54.99 || 74.76 | 55.32 || 74.52 | 55.64) 93 
9476.05 | 55.25) 75.81 | 55.58 || 75.56 | 55.91 || 75.22 |56.24| 94 
95 ; 78 86 | 55,84 || 76.61 | 56.17 || 76.37 | 56.51 || 76.12 | 56.84) 95 


96 | 77.67 | 56.43 | 77.42 | 56.77 || 77.17 | 57.10 || 76.92 |57.44) 96 
97 | 78.47 | 57.02 || 78.23 | 57.36 || 77.97 | 57.70 || 77.72 | 58.04) 97 
98 | 79.28 | 57.60 || 79.03 | 57.95 || 78.78 | 58.29 || 78.52 |58.64| 98 
99 | 80.09 | 58.19] 79.84 | 58.54 |, 79.58 | 58.89 7, 79. 32 /59,23) 99 
100 | 80.90 | 58.78 || 80.64 | 59.13 || 80.39 | 59,48 | 80.13 | 59.83 


g Dep. | Lat. || Dep. | Lat. || Dep. | Lat. | Dep | Lat. 
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374 Deg. 374 Deg. 


Lat. . || Lat. | Dep. 


0.80 : 0.41 
£559) 1.22 
2.39 : 5 1.83 
3.18 45 2 43 | 
3.98 Ue 2 3.04 
4.738| 3 6: : 3.65 
5.57 3 ‘ 4.26 
6.37] 4. ‘ 4.87 
7.16 3 5.48 
7.98 95 6.09 


8.76 : 6.70 
9.55 4 a 7.31 
5 10.35 3 J 7.91 
43 |} 110141" 8. 8.52 | 
11.94 : 9.13 
12.74 % 9.74 
13.53 49 | 10.35 
14.33 -28 | 10.96 
15112 .07 | 11.57 
15.92 5.87 | 12.18 


16.72 3 12.78 
| 17.51 .45 | 13.39 
Tere : 14.00 
19.10 , 14.61 
19.90 4 15.22 
20.70 .63 | 15.83 
21.49 : 16.44 : 
22.29 : 17.05 : y | 
23.08 3. 17.65 | 
23.88 : 18.26 


24.68 ; 18,87 | 
25.47 35 19.48 
26.27 18 |20.09 
27.06 .97 | 20.70 
27,86 SKA sel 
28.66 a; 21.92 
29.45 635 | 22.52 
30.25 .15 | 23.13 
31.04 . 20 23.74 
31.84 -73 | 24.35 


32.64 3 | 24.96 || 32.42 
33.43 25.57 || 33.21 
34.23 A 26.18 || 34.00 
35.02 : 26.79 || 34.79 
35.82 5. 27.39 || 35.58 
28.00 || 36.37 
28.61 | 37.16 
29.22 || 37.95 
29.83 || 38.74 | 

30.44 1139.53) : 
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373 Deg. 


| -sourstcy 
soueysig 


Lat. | Dep. 


40.33] 31.22! 51} 
41.12; 31.84 
41.91 | 32.45 
42.70 | 33.06 
43.49 | 33.67 
44.28 | 34,28 
45.07 | 34. 90 
46.86 | 35.51 
46.65 | 36.12 
47.44 | 36.73 


48 .23 | 37.35 
49.02 | 37.96 
49.81 | 38.57 
50.60 | 39.18 
51.39 | 39.79 
52.19 | 40.41 
52.98 | 41.02 
53.77 | 41.63 
54.56 | 42.24 
55.35 | 42.86 


56.14 | 43.47 
56.93 | 44.08 
57.72 | 44.69 
58.51 | 45.30 
59.30 | 45.92 
60.09 | 46.53 
60.88 | 47.14 
61.67 | 47.75 
62.46 | 48.37 
63.26 | 48.98 
64.05 | 49.59 
64.84 | 50.20 
65.63 | 50.81 
66.42 | 51.43 
67.21 | 52.04. 
68.00 | 52.65 | 
68.79 | 53.26 
69.58 | 53.88 
70.37 | 54.49 
71.16 | 55.10 


71.95 | 55.71 

72.74 | 56.32 
73.53 | 56.94 
74 32 | 57.55 
75.12 | 58.16 
75 91) 58.77 
76 70 | 59.39 
77.49 | 60.00 
78.28 | 60.61 
79.07 | 61.22 


Dep. | Lat. 
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32.09 
32.87 
33.65 
34.42 
35.22 
30.00 
36.78 
37.57 
38.35 
39.13 


61 


f eouvy} 
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384 Deg. 


bel 
39.77 | 31.92] 


32.55 
33.17 
33.80 
34.43 
35.05 
35.68 
36.30 
36.93 
37.58 


40.55 
41.33 
42.11 
42.89 
43.67 
44.45 
45.23 
46.01 
46.79 


38.18 
33.81 
39.43 
40.06 
40.68 
41.31 
41.94 
42.56 
43,19 | 
43.81 


AT.57 
48.35 
49.13 
49.91 
50.69 
51.47 
52.25 
53.03 
53.81 
54.59 


44 44 
45 07) 
45.69 
46.32 
46.94 
47.57 
48.20 
48.82 
49.45 
50.07 


55.37 
56.15 
56.93 
57.71 
58.49 
59.27 
60 05 
60 83 
61.61 
62.39 


52.91 
53.54 
54.16 
54.78 
55.40 
56.03 


50.70 
51.33 
51.95 
52.58 
53.20 
53.83 
54.46 
5.08 
fd. 71] 
6.33 


63.17 
63.95 
64.75 
65.51 
66.29 
67.07 
67.85 
68.63 
69.41 
70.19 


78 
Dep. 


ae 


+22 
-O1 | 60.95 
»80 | 61.5 


56.65 
57.27 
57.89 


57 | 58.52 


59.14 
59.76 
60.338 
61.01 
61.63 
62.25 


56.96 | 
57.58 
58.21 
58.84 
59.46 
60.09 
60.71. 
61.34 
61.97 
62.59 


70.97 
71.75 
72.53 
73.31 
74.09 
74.87 
75 68 
76.43 
77.21 
77.39 


Lat. 


52 Deg. 


Lat. 


Dep. | Lat. 
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28.45 


29.22 ; 24.30 


29.98 
30.75 


24.94) 39 
25.58} 40 


31.52 
32.29 


33.06 | 


33.83 
34.60 
35.37 
36.14 
36.90 


37.67 
38,44 


26.22 | 4] 


31.97 
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40} Deg. 


Lat. | Dep. 


Dep. 


Later 


Dep. 


| 40 Deg, | 40} Deg. 404 Dog. o 
E 
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39.07 | 32.78 
39.83 | 33.42 
49.60 ' 34.07 
41.37 | 34.71 
42.13 | 35.35 
42.90 | 36.90 
43.66 | 36.64 
44.43 | 37.28 
45.20 | 37.92 
| 45.96 


38.57 | 


38.78 | 33.12 
33.77 
34.42 
35.07 
35.72 
36.37 
37.02 
37.67 
38.32 
38.97 


34,60) 53 
35.25] 64 
85.90) 55 
36.55 | 


33.29| 51 
33.94| 52 
37.21) 57 


39 #21 
39.85 
40.50 
41,14 
41.78 
42.42 
43.07 
43.71 
44.35 
2 | 45.00 


46.73 
47.49 
48.26 


39.62 
40.27 
40.92 
41.56 
42.21 
42.86 
43.51 
44.16 
44,81 
45.46 


40.47} 62 
41.12] 63 
41.78} 64 
42.43 | 65 
43.08} 66 
43.73 | 67 
44.39] 68 
45.04] 69 
45.69 | 70 


45.64 
46.28 
46.92 
47.57 
48.21 
48.85 
49.49 
50.14 
50.78 
51.42 


46.11 
46.76 
47.41 
48.06 
48.71 
49.36 
50.01 
50.66 
51.31 
51.96 


46.35 | 71 
47.00 | 72 
47.65 73 
48.30] 74 
48.96 | 75 
49.61) 76° 
50.26) 77 
50.92} 78 
51.57) 79 
52.22} 80 


52.07 
52.71 
53.35 
53.99 
54.64 
55.28 
55.92 
56.57 
57.21 
57.85 
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52.61 
53.25 
53.90 
54.55 
55.20 
55.85 
56.50 
57.15 
57.80 
58.45 


52.87| 81 
53.53) 82 
54.18] 83 
54.83 | 84 
55.48! 85 
56.14 86 
56.79 | 87 
57.44| 98 
53.10} 89 
58.75 | 90 


53.49 
59.14 
59.78 
60.42 
61.06 
61.71 
62.35 
75.84 | 62.99 


: || 63.64 
76.60 


64.28 | 


Disp, hinae. 


50 Deg. 


59.10 
59.75 
60.40 
61.05 
5 61.70 
73.00 ; 62.35 
63.00 
74.52 63.65 
64.30 
64.94 


59.40] 91 
60.05 | 92 
60.71 | 43 
61.36] 94 
62.01 | 95 


Lat. 


493 Deg. 


37.86 | 58 
38.51 59 
39.17| 60 
39.82 | 61 


154 . TRAVERSE TABLE. 


74} 8,61 |) 9.70); 8.66). 18 
5 10.49} 9.28]}10.44| 9.32] 14 
15/11,32) 9.84|/ 11.28 11.23] 9.94// 11.19} 9.99] 15 
16 | 12.08 10.50 || 12.03 | 10.55 || 11.98 | 10.60 || 11.94 | 10.65] 16 
17} 12.83 )11.15 || 12.78 | 11.21 |] 12.73 | 11.26 || 12.68) 11.382! 17 
18) 13.58 | 11.81 || 13.53 | 11.87 || 13.48 | 11.93 || 13.43 /11.991 18 
19 | 14,34 | 12.47} 14.28 | 12.52 || 14.23 | 12.59 || 14.18 | 12.65] 19 
20 | 15.09 | 18.12 | 15.04] 13.19 | 14.98 | 13.25 || 14.92 | 13.32] 20 


21 | 15.85 | 13.78 || 15.79 | 13.85 || 15.78 | 13.91 || 15.67 |13.98| 21 
22 | 16.60 114.43 || 16.54] 14.51 || 16.48 | 14.58 |] 16.41 | 14.65 2 
‘ 15.09 || 17.29 | 15.16 || 17.23 |.15.24]| 17.16 | 15.32] 23 
24)18.11 | 15.75 18.04 | 15.82 || 17.97 | 15.90 || 17.911 15.98] 24 
25) 18.87 | 16.40 || 18.80 | 16.48 || 18.72 | 16.57 || 18.65/| 16.65] 25 
26 | 19.62 | 17.06 || 19.55) 17.14] 19.47 | 17.23 || 19.40 117.31] 926 
27 | 20.38 | 17.71 || 20.30 | 17.80 !| 20.22 | 17.89 | 20.141 17.98] 27 
28 | 21.13 | 18.37 | 21.05 | 18.46 || 20.97 | 18.55 || 20.89 | 18.64] 28 
29 | 21.89 | 19.03 || 21.80] 19.12 || 21.72 | 19.22 || 21.64] 19.31] 99 
30 | 22.64 | 19.68 || 22.56 | 19.78 || 23.47 | 19.88 || 22.38 | 19.98] 3u 


31 | 23.40 | 20.34 || 23.31 | 20.44 || 23.22 | 20.54 || 23.13 | 20.64] 31 
32 | 24.15 | 20.99 |] 24.06 | 21.10 || 23.97 | 21.20 || 23.87121.31| 39 
33 |.24.91 | 21.65 || 24.81 | 21.76 || 24.72 | 21.87 || 24.62 | 21.971 35 | 
34 | 25.66 ) 22.31 |] 25.56 | 22.42 || 25.46 | 22.53 || 25.37 | 22.64] 34 
35 | 26.41 | 22.96 |] 26.31 | 23.08 || 26.21 | 23.19 || 26.11 | 23.31 | 35 
$6 | 27.17 | 23.62 || 27.07 | 23.74 || 26.96 | 23.85 || 26.86 | 23.97] 36 
37 | 27.92 | 24.27 || 27.82 | 24.40 || 27.71 | 24.52 || 27.60 | 24.64] 37 
38 | 28.68 | 24.93 || 28.57 | 25.06 || 28.46 | 25.18 |] 28.35 125.30] 38 
39 | 29.48 | 25.59 || 29.32 | 25.71 || 29.21 | 25.84 || 29.10 125.97] 39 
40 | 30.19 | 26.24 || 30.07 | 26.37 |] 29.96 | 26.50 || 29.84 126.64] 40 


41 | 30.94 | 26.90 || 30.83 | 27.03 || 30.71 | 27.17 || 30.59 | 27.30 | 4] 
42 | 31.70 | 27.55 || 31.58 | 27.69 || 31.46 | 27.83 || 31.33 | 27.97] 42 
43 | 32.45 | 28.21 || 22.33 | 28.35 || 32.21 | 28.49 || 32.08) 28.63! 49 
44 | 33.21 | 28.87 || 33.08 | 29.01 |] 32.95 | 29.16 || 32.83 | 29.30] 44 
45 | 33.96 | 29.52 || 33.83 | 29.67 || 33.70 | 29.82 || 33.57 | 23.97 
46 | 34.72 | 30.18 || 34.58 | 30.33 || 34.45 | 30.48 |] 34.32 | 30.63| 464 
47 | 35.47 | 30.83 || 35.34 | 30.99 || 35.20 | 31.14 || 35.06] 31.30] 47 
48 | 36.23 | 31.49 | 36.09 | 31.65 || 35.95 | 31.81 |) 35.81 |31 96) ta 
49 | 36.98 | 32.15 || 36.84 | 32.31 || 36.70 | $2.47 || 36.56 | 32. 63! 49 
50 | 37.74 | 32.80 || 37.59 | 32.97 |] 37.45 | 33.13 || 37.20 | 33.291 50 


Dep. | Lat. || Dep | Lat. || Dep. | Lat. || Dep. | Lat. 
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if 

~) 41 Deg. 414 Deg. Alt Deg. 413 Deg. o 
n wn 
Sr oes 
8 | Lat. | Dep. | Lat. | Dep. || Lat. | Dep. || Lat. | Dep. | ¢ 
~1 | 0.75 |0.66 |) 0.75| 0.€6|| 0.75| 0.66]| 0.75| 067) j 
|) PRoli pe aes 1 1.50} 1.32} 1.50} 1.33 1.49] 1.33 2 
3; 2.26] 1.97] 2.26] 1.98]! 2.25] 1.99]| 2.24) 2.00 3 
4} 32023) 2262) || 3.01. js 2.64117 3.00) 2.662598 Top. 4 
FlBer tal e628) ||) Sedo S.O0ule O74 oso] Hesiod msese 5 
6/ 4 53] 3.94]] 4.51] 3.96]| 4.49] 3.98]|} 4.48} 4.00 6 
7\| 5 28) 4.59|| 5.26! 4.62]| 5.24) 4.64]| 5.22] 4.66 7 
8} 6.04] 5.25|) 6.01] 5.27]/ 5 99! 5.30]| 5.97) 5.33 8 
6.79 |—5:..90 || 6.77] 6.93] 6.74| 5.964) 6.71 | 5.99 9 

10) 7.55| 6.56!) 7.52) 6.59] 7.49] 6.63]| 7.46] 6.66]° 10 
TV 85'30 | 7.22 || 8.275" 7.25 |) | 8.22 7.29 }| & 21) 7.32 L 
12) 9.06! 7.87|| 9.02] 7.91) 8.99] 7.95]| 8.95] 7.99] 12 

ws 8.57 || 9 
10. 9.23 
9.89 


= 
on 


Distance. 
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: 49 Deg, 48} Deg. 48} Deg. 481 Deg. 
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41} Deg. 


Lat. ; Dep. 


413 Deg. 


Lat. | Dep. 
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38.34 | 
39.10} 
39.85 
40.60 
41.25 
42.10 
42.85 
43.61 
44.36 
45.11 | 39.56 


33.63 
34.29 
34.95 
35.60 
36.26 
36.92 
37.58 
38.24 
38.90 


38.95 


40.44 
41.19 
41.94 


43.44 
44,19 


38.20 | 33.79 
34.46 
39.12 
35.78 
36.44 
37.11 
37.77 
38.43 
39.09 
39.76 


39,69 


42.69 


44,94 


45.86 | 40.22 
46.61 | 40.88 
47.37 | 41.54 
48.12 | 42.20 
48.87 | 42.86 
49.62 | 43.52 
50.37 | 44.18 
51.13 | 44.84 
51.88 | 45.49 
52.63 | 46.15 


45.69 
46.44 
47.18 
47.93 


49.43 


40.42 


41.75 
42.41 
43.07 
43.73 
44.40 


48.68 


50.18 
50.93 
51.68 
52.43 


45.72 
46.38 


41.08 || 46, 


45.06 || 50. 


53.38 | 46.81 
54.13 | 47.47 
54.88 | 48.13 
55.64 | 48.79 
56.39 | 49.45 
57.14; 50.11 
57.89 | 50.77 
58.64 | 51.43 
59.40 | 52.09 
60.15 | 52.75 


53.18 
53.92 
54.67 
55.42 
56.17 
56.92 
57.67 
58.42 
SEALE 
99). 92 


47.71 
48 .37 
49.03 
49.70 
50.36 
51.02 
51.68 
52.35 
53.01 


47.05 |i 52. 


60.90 | 53.41 
61.65 | 54.07 
62.40 | 54.73 
63.15 | 55.38 
63.91 | 56.04 
64.66 | 56.79 
65.41 | 57.36 
66.16 | 58.02 
66.91 | 58.68 
67.67 | 59.34 


66.66 
67.41 


60.67 
61.4) 
62.16 
62.91 
62.66 
64.41 
65.16 
65.91 


53.67 
54.33 
55.00 
55.66 
56.32 
56.99 
57,65 


58.97 
59.64 


58.31 || 65. 


68.42 
|| 69.92 


60.00 
60.66 
61.32 
61.98 
| 62.64 
63.30 
63.96 
64.62 
65.28 
65.93 


69.17 


70.67 
71.43 


68.15 


69.65 
70.40 
71.15 


60.30 
60.96 
61.6 
62120 
62.95 
63.61 
64.27 
64.94 


68.90 


Lat. 


48} Des. 
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TABLE. 


i) 42 Deg 42} Deg. 42) Deg. 427 Deg c 
& = i 
8 Lat. | Dep. |] Lat. ; Dep Lat. | Dep. || Lat. | Dep 3 
“T! 0.74] 0.67! 0.74] 0.67]| 0.74] 0.68]| 0.73] 0.68) 7 

2| 1.49] 1.34 1.48} 1,34 1-47 1.35 1.47} 1.36 2 

SN Zeed SO 2322)) 202 2.21| 2.03 2.20) 2.04 3 

4] 2,97] 2:68|| 2.96] 2.69 2.95| 2.70) 2.94) 2.72 4 

Sees) Poco LoaLOll Lokoe 3.69} 3.38]| 3.67] 3.39 5 

6) 4.46| 4.01} 4.44] 4.03) 4.42] 4.05]) 4,41] 4.07 @ 

7)|-5.20| 4.68] 5.18) 4.71 5.16! 4.73]| 5.14| 4.75 “f 

8! 5.95) 5.385 }}~ 5.92] 5.38 | 5.90| 5.40] 5.87] 5.43 8 

9|-6.69| 6.62]} 6.66] 6.05 6.64!) 6.08]] 6.61] 6.11 9 
10| 7.43] 6.69] 7.40! 6.72]) 7.37; 6.76] 7.34 6.79 10 
Il | 8k) 7.36) S14) 740 8.11| 7.43]) 8.08] 7.47] 11 
12| 8.92]; 8.03]| 8.88] 8.07] 8.85] 8.11 8.81 8.15] (2 
13| 9.66} 8.70]| 9.62] 8.74]| 9.58 8.78 | 9.55 8.82] 13 
14/10.40] 9.371 10.36] 9.41 |} 10.32) 9.46 || 10.28] 9.50) 14 
16 | 11.15] 10.04 11.10) 10.09 || 11.06] 10.13} 11.01] 10.18) 15 
16 | 11.89] 10.71} 11.84 | 10.76 || 11.80 | 10.81 || 11.75] 10.86] 16 
17 | 12.63) 11.38 |] 12.58 | 11.43 112.53) 11.48 | 12.48] 41.54) 17 
18 | 13.38 | 12.04 |} 13.32 1 12. £0 | V3. 27 2.16 || 13. 22342-2234 18 
19 | 14.12] 12.71 || 14.06] 12.77 || 14.01 | 12.84] 13.95) 12.90] 19 
20 | 14.86 | 13.38 || 14.80 | 13.45 |] 14.75] 13.51 || 14.69] 13.58] 20 
21 | 15.61) 14.05 || 15.54 | 14.12 |] 15.48] 14.19 || 15.42] 14.25] 21 
22 | 16.35] 14.7 16.28 | 14.79 || 16.22] 14.86 || 16.16] 14.93] 22 
23 | 17.09 | 15.39 || 17.02; 15.46 |] 16.96 | 15.54 || 16.89] 15.61| 23 
24 )17.84] 16.06 ) 17.77] 16.14) 17.69 | 16.21) 17.62) 16.29| 24 
25 | 18.58 | 16.73 | 18.51 | 16.81 |] 18.43] 16.89 || 18.36| 16.97] 25 
26 | 19.32] 17.40 |] 19.25 | 17.48 || 19.17] 17.57] 19.09] 17.65| 26 
27 | 20.06 | 18.07 |] 19.99} 18.15 || 19.91 18.24 || 19.83] 18.33] 27 
28 | 20.81] 18.74 | 20.73 | 18.83 || 20.64] 18.92 || 20.56!19.01]1 28 
29 | 21.55 | 19.40 || 21.47 | 19.50 || 21.38/ 19.59 || 21.30] 19.69] 2a 
30 | 22.29 | 20.07 |] 22.21 | 20.17 || 22.12) 20.27 || 22.03 | 20.36] 30 
31 | 23.04 | 20.74 || 22.95 | 20.84 || 22.86 | 20.94 || 22.76 | 21.041 31 
32 | 23.78 | 21.41 |] 23.69 | 21.52 |] 23.59 | 21.62 || 23.50 | 21.72| 32 
33 | 24.52 | 22.08 |] 24.43 | 22.19 |] 24.33 | 22.29 ||: 24.23 | 22.40] 33 
34 | 25.27 | 22.75 || 25.17 | 22.86 || 25.07 | 22.97 || 24.97] 23.08] 34 
35 | 26.01 | 23.42 | 25.9. | 23.53 || 25.80 | 23.65 || 25.70| 23.76] 35 
36 | 26.75 | 24.09 || 26.65 | 24.21 || 26.54 | 24.32 || 26.44] 24.44| 26 
37 | 27 50 | 24.76 || 27.39 | 24.88 || 27.28 25.00 | 27.17) 25.12] 37 
38 | 28.24, 25.43 || 28.13 | 25.55 || 28.02 | 25.67 || 27.90 | 25.791 38 
39 | 28.98 | 26.10 || 28.87 | 26.22 || 28.75 | 26.35 || 28.64 | 26.47 39 
40 | 29.73 | 26.77 || 29.61 | 26.89 || 29.49 | 27.02 29.37127.15 46 
41 | 39.47 | 27.43 || 30.35 | 27.57 || $0.23 | 27.70 || 30.11 | 27.83 Al 
42 |.31.21 | 28.10 || 31.09 | 28.24 |! 30.97 | 28.37 || 30.84] 28.51] 43 
43 | 31.96 | 28.77 || 31.83 | 28.91 || 31.79 | 29.05 || 31.58 | 29.19 43 
44 | 32.70 | 29.44 || 32.57 | 29.58 || 32.441! 29.78 || 32.31 | 29.87 44 
45 | 33.441 30.11 | 33.31 | 30.26 | 33.18 | 30.40 || 33.04] 30.55 45 
46 | 34.18 | 30.78 || 34.05 | 30.93 |] 33.91 | 31.08 11 33.78 | 31.22 46 
47 | 34.43 | 31.45 || 34.79 | 31.60 || 34.65] 31.75 || 34.51 | 31.90 47 
48 | 35.67 | 32.12 || 35.53 | 32.27 || 35.39 | 32.43 || 35.25 | 92.58 48 
49 | 36.41 | 32.79 | 36.27 | 32.95 |] 36.13 | 33.10 || 25.98 ) 33.26 49 
50 |37.16 | 33.46 pee 33.62 || 36.86 | 83.78 || 36.72 | 33.941 50 
8 Dep. | Lat. || Dep. | Lat. || Dep. | Lat. || Dep. | Lat. | & 
i ey —_—— |] -———_—_~] § 
a B 
a 48 Deg. 473 Deg. 473 Deg. 47% Deg. Qa 


TRAVERSE TABLE: 157 


424 Deg. | 423 Deg. 


42 Deg 3 

n 

ee ee ad s 
Lat. | Dep Lat. | Der, || Lat. | Dep. | 3 
37.90 | 34.13 | 37.60 | 34.46 || 37.45 | $4.62] 51 
2 | 33.64] 34.79 38.34) 35.13 || 38.18/35.30! 5g 
| 39.39 | 35.46 39.08 | 35.81 || 38.92) 35.93; $3 
40.13] 36.13 39.81 | 36.48! 39.65| 36.66} 54 
40,87 | 36.80 40 55|37.16|| 40.39; 37.33) 55 
141.62 | 37.47 41.29 |37.83]/ 41.12|38.01| 6&6 
42.36 | 38.14 42.02 | 38.51 || 41.86 | 38.69| 57 
43.10] 38.81 42.76 | 39.18 || 42.59! 39.37) 59 
43.85 | 39.48 43.50 | 39.86 || 43.32] 40.05| 59 
44,59, 40.15 44.24 (40.54 || 441.06] 40.73! 60 
45.33 | 40.82 44,97 | 41.21 || 44.79/ 41.41] 61 
146.07! 41.49 45.71 | 41.89 || 45.53 / 42.09] 62 
146.82 | 42.16 46.45 | 42.56 || 46.26142.76| 63 
47.56 | 42.82 47.19 | 43.24 '| 47.00 | 43.44] 64 
48.30 | 43.49 A7.92| 43.91 || 47.73; 44.12] 65 
49.05 | 44.16 48.66 | 44.59 | 48.47| 44.80] 66 
49.79 | 44.83 49.40 | 45.26 || 49.20|45.48| 67 
50.53 | 45.50 | 50.13 | 45.94 || 49.93] 46.16] 68 
51.281 46.17 50.87 | 46.62 || 50.67] 46.84] 69 
0 | 52.02 | 46.84 | 51.61 | 47.29 | 51.40|47.52| 70 
, 52.76 | 47.51 | 52.35 | 47.97 || 52.14] 48.19] 71 
53.51] 48.18 53.08 | 48.64 || 52.87/48.87] 72 
54.25 | 48.85 53.82 |49.82 153.61 |49.55| 73. 


54.56 | 49.99 | 54.34] 40.23] 74 


54.99 | 49.52 ( 
55.30 | 50.67 ||55.07|50.91| 75 


54.74| 50.18 


56.48 | 50.85 56.93 | 51.34 |/55.81| 51.59] 76 
57.221 51.52 56.77 | 52.02 | 56.54] 52.27] 77 
57.97 | 52.19 57.51 | 52.70 || 57.28 | 52.95] 78 
58.71 | 52.86 58,24 | 53.37 || 58.01 | 53.63] 72 
| 59.45 | 53.53 | || 58.98 | 54.05 || 58.75 | 54.30] 80 
60.19 | 54.20 || 59.72 | 54.72 || 59.48| 54.98] 81 
60.94] 54.87 60.46 | 55.40 | 60.21 | 55.66] 82 
61.68 | 55.54 61.19 | 56.07 || 60.95| 56.34] 83 
62.42} 56.21 61.93 | 56.75 || 61.68| 57.02) 84 
63.17 | 56.88 62.67 | 57.43 || 62.42157.70| 85 
63.91 | 57.55 63.41 | 58.10 | 63.15 | 58.38] 86 
$4.65 | 58.21 64.14 | 58.78 || 63.89 | 59.06] 87 
65.40} 53.88 64.88 | 59.45 || 64.62] 50.73] 88 
66.14) 59.55 65.62 | 60.13 | 65.35|60.41| 89 
66.83 | 60.22 66.35 | 60.80 | 66.09] 61.09] 90 
67.63 | 60.89 67.09 | 61.48 | 66.82 |61.77| 91 
68.37 | 61.56 67.83 | 62.15 || 67.56 | 62.45] 92 
69.11] 62.23 68.57 | 62.83 || 68.29 | 63.15, 93 
€9.86 | 62.90 69.30 | 63.51 | 69.03 | 63.81] 94 
70.60 | 63.57 Oe 64.18 || 69.76 | 64.49] 95 
71.34 | 64.24 70.78 | 64.86 || 70.49|65.16] 96 
72.08 | 64.91 71.52 | 65.53 || 71.23 | 65.84} 97 
72.83 | 65.57 72.25 |66.21 |, 71.4¥6|66 52) 98 
73.57 | 66.24 72, 99 | 66.88 || 72.70| 67.20] 99 
74.31| 66.91 13.73 | 67.56 || 73.43 | 67.88 | 100 
Dep. | Lat. Dep. | Lat. || Dep. | Lat. g 
= = [$$$ a 

& 

48 Deg. 471 Deg. A474 Deg. Q 
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-83| 5.48 
-56| 6.17 
6.85 


OBDWIWenP ey H| OPEB 


OD EDO 99 1 | HOURIST(] 


Ol) 7.54 
-74) 8.22 
47} 8.91 
20) 9.59 
-93 | 10.28 
10.96 
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ell} 12.33 
13.02 
-57 | 13.70 
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ja 
wo 
— 
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wo 
= 
= 
w 
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4) Oo 
— ea 
Uy Ee co tO 
@ 
Cal 


COr|wenw 


. : 5.30 | 14.39 
2) 16.09 | 15.00! 15.02) 15.07 
23 | 16.82 | 15.69 | 16.75 | 15.76 
24|17.55j 16.37) 17.48 | 16.44 
25 118.28 | 17.05} 18.21) 17.13 
26 | 19.02] 17.73 || 18.94] 17.81 
27 | 19.75) 18.41] 19.67) 18 50 
28 | 20.48 | 19.10] 20.39 | 19.19 
29 | 21.21) 19.78 }] 21.12] 19.87 
30 | 21.94); 20.46 || 21.85 | 20.56 


SL | 22.67 | 21.14 ]| 22.58 | 21.24 
32 | 23.40 | 21.82 ]} 23.31} 21.93 
33 | 24.13 | 22.51 || 24.04 | 22.61 
34 | 24.87 | 23.19 || 24.76 | 23.30) 
45 | 25.60 | 23.87 || 25.49 | 23.98 
36 | 26.33 | 24.55 || 26.22 | 24.67 
37 | 27.06 | 25.23 || 26.95 | 25.35 
38 | 27.79 | 25.92 |] 27.68 | 26.04 
39 | 28.52 | 26.60 || 28.41 | 26.72 
4 40 | 29.25 | 27.28 || 29.13 | 27.41 


41 | 29.99 | 27.96} 29.86 | 28.09 
42 | 30.72 | 28.64 |) 30.59 | 28.78 
43 | 31.45 | 29.33 || 31.32 | 29.46 
44 | 32.18 | 30.01 || 32.05 | 30.15 
45 | 32.91 | 30.69 || 32.78 | 30.83 
46 | 33.64 | 31.37 || 33.51 | 31.52 
47 | 34.37 | 32.05 || 34.23 | 32.20 
48 | 35.10) 32.74 || 34.96 | 32.89 
35.84 | 33.42 || 35.69 | 33.57 
36.57 | 34.10 36.42 | 34.26 


28.91 


31.19 1 29.60 


31.92 
32.64 
33.37 
34.09 
34.82 
35.54 
36.27 


30.29 
30.98 


31.66 || 


32.35 
33.04 
33.73 
34.42 


Lat. 


Dep. 


Lat. 


463 Deg. 


464 Deg 
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|roounysiq] 
= 
\ 

i 

cio) 

i] 

Oo 

0g 

b 

5) 

ab 

io) 

in) 

oe 

oS 
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P on 
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= ed 
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| aourysi 


65 | 47.54 | 44.33 || 47.34 | 44.54 | 47.15 |44.74|| 46.95 | 44.95) 65 
§§ | 48.27 | 45.01 || 48.07 | 45.22 || 47.87 145.43 || 47.68] 45.64] 66 
67 | 49.00 | 45.69 || 48.80 | 45.91 || 48.60 | 46.12 || 48.40 | 46.33] 67 
68 | 49.73 | 46.38 || 49.53 | 46.59 || 49.33 | 46.81 || 49.12/ 47.02] 68 
69 | 50.46 | 47.06 || 50.26 | 47.28 || 50.05 | 47.50 || 49.841 47.71| 69 
70 | 51.19 | 47.74 || 50.99 | 47.96 || 50.78 | 48,18] 50.57 | 48.41 | 70 
71 | 51.93 | 48.42 || 51.71 | 48.65 151.50 | 48.87 || 51.29 | 49.10| 71 
72 | 52.66 | 49.10 || 52.44 | 49.33 || 52.93 | 49.56 || 52.011/49.79|) 72 
73 | 53.39 | 49.79 | 53.17 | 50.02 || 52.95 | 50.25 |) 52.73 | 50.48 | 73 
74 | 54.12 | 50.47 || 53.90 | 50.70 1 53.68 | 50.94 || 53.45] 51.17] 74 
{ 

| 


75 | 54.85 | 51.15 || 54.63 | 51.39 | 54.40 | 51.63) 54,18] 51.86) 75 
76 | 55.58 | 51.83 || 55.36 | 52.07 || 55.13 | 52.31 || 54.90 | 52.55 | 76 
77 | 56.31 | 52.51 || 56.08 | 52.76 |! 55.85 | 53.00) 55.62) 53.25 | 77 
78 | 57.05 | 53.20 || 56.81 | 53.44 || 56.58 | 53.69 | 56.34) 53.94) 78 
79 | 57.78 | 53.88 || 57.54 | 54.13 |) 57.30 | 54.38 || 57.071 54.63) 79 
80 | 58.51 | 54.56 |] 58.27 | 54.81 || 58.03 | 55.07 || 57.79 | 55.32 | 80 


81 | 59.24 | 55.24 || 59.00 | 55.50 58.76 | 55.76 || 58.51 | 56.01) 81 
82 | 59.97 | 55.92 || 59.73 | 56.18 || 59.48 | 56.45 || 59.23 | 56.70] 82 
83 | 60.70 | 56.61 || 60.45 | 56.87 || 60.21 | 57.13 159.96| 57.40] 83 
84 | 61.43 | 57.29 || 61.18 | 57.56 |] 60.93 | 57.82 |) 60.68 | 58.09) 84 
85 | 62.17 | 57.97 || 61.91 | 58.24 || 61.66 | 58.51 || 61.40 | 58.78! 85 
86 | 62.90 | 58.65 || 62.64 | 58.93 || 62.38 | 59.20 || 62.12| 59.47) 86 
87 | 63.63 | 59.33 || 63.37] 59.61 || 63.1! | 59.89 | 62.85 | 60.16] 87 
88 | 64.36 | 60.02 || 64.10 | 60.30 || 63.83 | 60.58 || 68.57 | 60.85] 88 
89 | 65.09 | 60.70 || 64.82 | 60.98 || 64.56 | 61.26 || 64.29 | 61.54 89 
90 | 65.82 | 61.38 || 65.55 | 61.67 || 65.28 | 61.95 || 65.01 | 62.24) 90 


91 | 66.55 | 62.06 || 66.28 | 62.35 || 66.01 | 62.64 || 65.74 | 62.93) 91 
92 | 67.28 | 62.74 || 67.01 | 63.04 || 66.73 | 63.33 || 66.46 | 63.62) 92 
93 | 68.92 |63.4% 67.74 | 63.72 || 67.46 | 64.02 || 67.18 | 64.31) 93 
94 | 68.75 | 64.11 {68.47 | 64.41 || 68.19 | 64.71 || 67.901 65.00, 94 
95 '69.48 | 64.79 || 69.20 | 65.09 || 68.91 | 65.39 || 68.62 65.69 | 94 
96 . 70.21 | 65.47 || 69.92 | 65.78 || 69.64 | 66.08 || 69.35 | 66.39) 96 
97 170.94 | 66.15 || 70.65 | 66.46 || 70.36 | 66.77 70.07.|67.08 | 97 
98 | 71.67 | 66.84 || 71.37] 67.15 || 71.09 | 67.46 || 70.79 | 67.77! 98 
99 ! 72.40 | 67.52 |, 72.11 | 67.83 || 71.81 | 68.15 || 71.51 68.46! 99 
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Lat. 


Dep. 


4. 
5.01 


7.16 


1.43 
2.15 
2.87 
3.58 
4.30 


5.73 
6.45 


444 Des 444 Deg. | 443 Deg. 


Lat. | Dep. 


Lat. 


. |} Lat. 


45 Deg. 


| Dep. 


ONE RWWNWEO 
on 
(—] 


0.71 
1.42 
2.13 
2.84 
3.55 
4.26 
4.97) '4. 
5.68 
6.39 
7.10 


0.71 
1.41 
2.12 


9.71 
1.41 


4 


10 


7.88 
8.60 
9.31 
10.03 
2)/10.74 


12.18 
12.89 
13.61 
14.33 


11.46|1 


IO W D/O 


i 
a 


] 
1 
] 
\] 
\1 
iJ 


| 9.23 


ifeeit! 
8.52 


9.94 
0.65 
1.36 
2.07 
2.78 
3.49 
4.20 


OV Oe oP SI} SO OO 


15.76 
16.47 
SES 
(NET. OL 
5), 18.62 
19.34 
20.06 
20.77 
21.49 


15.04/1 


(16.05 


20.93) 


22.2) 
22.92 
23.64 
2|/24.35 
25.07 
20.79 
26.50 
27.22 


28.65 


27.94 


21.63 
22.33) 


23.72 
24.42 
25.12 
25.82 
26.52 
27.21 
127.91 


23.03)|5 


72!11 


4.91| 
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12.73 
3/13.43 
14.14 


15.56 
16.26 
16.97 
17.68 
18.38 
19.09 
19.86 
20.51 
21.21 


28.16 


21.92 
3/22.63 
23.33 
24.04 
524.75 
25.46 
26.16 
26 .87 
27.58/27 .58 
2828198 .28 


) as 


29.37 
30.08 
30.80 
3//31.52 
ne 3131.40 
5|32.10 


28.61 
29.31 


30.70 


32.80 
33.49 
34.19 
134.89) 


Lat. 


30.00) 


30. 
30: 
81. 
32.2 
32. 
33.6 
34.5 
35.66/35.05 


Dep.| Lat. 


129.83 


34 30 
35.51 


28.86 
29.57 
30.27 
30.98 
31.68 
32.38 
33.09 
33.79 
34.50 
35.20 


Lat. 


Dep. 


28.99/28.99 
29.70)29.70 
30.41/30.41 
31.11/31 11 
31.82 
32.53, 
33.23 
33.94 
34.65 
35.36 


Dep. 


| 
! 
| 


Lat. 


1 
\, 
ni) 


<e 


| 


5|14.85|21 


i 


i 


43 
‘44 


31.82/44 
32,53:46 
33,.23!47 
33.94 '48 
34.68 49 
35.36/50 


46 Deg. 454 Deg. 453 Deg. | 45} Deg. 45 Dog, ia | 


TRAVERSE TABLE. 


44 Deg. | 44} Deg. |) 443 Deg. 443 Deg. 45 Deg. 
} 


————_|| Bs = 
| Lat. | Dep. i Lat. | Dep. |} Lat. | Dep.|| Lat. | Dep. | Lat. | Dep. 
| = 1 ze, | eae < 
a '36.69/35.43'36 53'35.59 36.38 35.75 36.22/35.90 36.06 36.06 
b2is7. 41 38,12))37.25 36 .29//87.09'36 .45/136.93|36.61)//36.77/36.77 
£3/3S .12/36.82!| |37.96/36.98|/37.80 37. 15]/37.64/37.31137.48137.48 
; 37.51/| 38. 68/37 .68//38 .52!37.85)!88 34138 .02 \38.18/38.18 
36°35 ,56'38..21 [39.40/38.38//39.23 38.55 39.061388.72 |38 .89/38.89 
30140) ,28 38. 90'40. 11 39.08/39 .94/39,25)/39.77)39.42 /39.60139.60! & 
$7141 .00/39.60||40.83/39.77)|40.66 39.95|/40.48:40.13 40.31/40. 31 
, 58/41 .72/40.29//41.55/40.47|/41.37/40.65//41.19/40.83'41.01/41.01 
F 59'42. 44/40. 98||42.26/41.171/42.08)/41.35)/41.90/41 -54'41.72/41.72 
60/43 .16/41.68|/42.98/41.87/|42. 79/42. 05//42.61/42.24/142.43142.43 
r 61/43.88/42.37/|43.69/42.57)/43 .51:42.76)/43.32 42.94) 43.13)43.18 
E 62/44.60/43.07/|44.41/43.26|/44.22)43.46)'44 .03/43.65)/43.84/43.84 
é- 63/45 .32/43.76||45.12|43.96||44.93)44.16)44.74)44.36/44.55/44.55 
64/46 .04/44.46||45.84/44.66/45.65)44.86/145.45/45.06'45.25145.25 


y 65/46.76/45.15/45.56145.36/146 .36/45.56|/46.16/45.76) 45.96/45 .96 
: 66147 ,48|45.85|/47.28/46.05||47.07)/46.20)/46.87|46 .46//46.67/46.67 
i. 67/48 .20/46 .54)|47.89)46.75||47.79/46.96||47.58147.17)47.38)47.38 


68/48 .92/47.24/48.71/47.45 |48.50 47.66|/48.29/47.87)48.08/48.08 
69/49 .63/47.93|/49.42/48.15)/49.21/48.36|\49.00/48.58//48 .79|48.79 
70/50 .35'48 .63)50.14/48.85)49.93/49.06)/49.71/49.28)149.50/49.50 


; 71|51.07|49. 32) 50.86/49 .54| 50.64/49, 76|50.42/49. 98/50. 20/50.20 
| 72|51.79/50.02)/51.57/50.24/'51.35/50.47|/51.13|50.691150.91,50.91 

7352 .51!50.71|/52.29|50.94/'52.07/51.17)151.84/51.39)51 .62151.62 
‘a 74|53.23/51.40||53.01/51.64//52.78)51.87/52.55|52.10)52.33/52.33 
% 75/53 .95/52.10)|53.72|52.33||53.49|52 .57) 43.26/52 .80)/53.03/53.08 
; 76|54 67/52 .79|/54.44/53.03/54.21/53.27| 53.97/53 .51)53.74,53.74 
2 77|55.39/53.49'155. 16)53.73||54.92/53.97| 54.68/54.21154.45/54.45)- 
78\56.11|54.18|/55.87|54.43||55.631/54.67|55.39/54.911155.15/55.15 


4 79'56.83 54.88//56.59/55. 13/56 .35/55.37 56.10/55.62|/55.86)55.86 
é 80157 .55\55.57|/57 .30|55.82||52 .06/58.07 56.81/58. 32|56.57/56.57 
2 8158.27 56.27/|58.02|66.52)57.77|56.77|57.52'57.03/57.28/57.28 
be 8293.99 56.96/58. 74|57.22)58.49/57.47|58.24.57.73|57.98|57.98! 


ae 83/59.71 57.6659 .45/57 .92||59.20/58.18 58.95/58. 43/58 .69\58.69 
4 84/60 .42'58.35)/60.17/58.61|/59.91/58.88 59.66/59. 14 59.40/59.40 
85/61.14/59.05)60.89/59.31|/60.63/59.58)60.37/59.84//60.10/60.10 
86|61.86/59 74/161. €0\0u.01|/61.34/60.28)61.08)60.55//60.81/60.81 
‘2 87/62 .58,6U.44|62.32/60.71|/62.05/60.98/61.79/61.25)61.52/61.52 
: 88163.30 61.13)}63.03)61.41|/62.77/61.68/ 62.50/61 .95|/62.23/62.23 
89)/64.02 61.82 /63.75/62.10)/63.48/62.38 63.21 62 .66)62.93/62.93 
99'64.74 62.52)/64.47|/62.80/64.19/63.08)63.92/63.36)/63.64/63.64 


9165.46 63.21/65. 18|63.50 64.91/63. 78/64. 6364.07, 64.95|64.35 
92166. 18'63.91|/65.90/64.20||65.62/64.48/165.34/64.77/65.05/65.05 
93|66.90 64.60, 66.62|/64.89||66.33165.18|66.05|/65.47| 65.76 65.76 
. 94/67. 62 65.30)|67.33|65.59||67.05/65.89|66.76|66.18 66.47|66.47 
3 95/68..34 65.99/68 . 05/66. 29||67.76|66.59|/67.47/66.88|67.18/67.18 
a 96.69.06 66 .69)/68.76/66.99||68.47|67.29||68.18|67.59/67.88 67.88 
97/69.78 67.38)|69.48/67.69//69.19|/67.99 '68.89 68.29 68.59 68.59 
38/70 .50 68.08)/70.20/68.38]]69.90)68 69) 69.60/68.9°'69.30 69.30 
9'71 2168.77) 70.9 1|69.08|| 70 .61/69.39)/70.31|69.70|70.00 70.00 
71 93\69.47))71.63'69.78)| 71.33] 70.09]|71.02/70.40//70.71 70.71 


Lat: || Dep.| Lat. || Dep.| Lat. || Dep. | Lat. Dep | Lat. | 8 


48 Deg. 45} Deg. 453 Deg. || 454 Deg. 45 Leg. 
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